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ADVERTISEMENT. 


The scientific publications of the United States National Museum 
consist of two series, the Proceedings and the Bulletins. 

The Proceedings, the first volume of which was issued in 1878, are 
intended primarily as a medium for the publication of original, and 
usually brief, papers based on the collections of the National Mu- 
seum, presenting newly acquired facts in zoology, geology, and 
anthropology, including descriptions of new forms of animals and 
revisions of limited groups. One or two volumes are issued annually 
and distributed to libraries and scientific organizations. A limited 
number of copies of each paper, in pamphlet form, is distributed to 
specialists and others interested in the different subjects as soon as 
printed. The dates of publication are recorded in the table of con- 
tents of the volume. 

The Bulletins, the first of which was issued in 1875, consist of a 
series of separate publications comprising chiefly monographs of 
large zoological groups and other general systematic treatises (occa- 
sionally in several volumes), faunal works, reports of expeditions, 
and catalogues of type-specimens, special collections, etc. The ma- 
jority of the volumes are octavos, but a quarto size has been adopted 
in a few instances in which large plates were regarded as indis- 
pensable. 

Since 1902 a series of octavo volumes containing papers relating 
to the botanical collections of the Museum, and known as the Con- 
tributions from the National Herbarium, has been published as 
bulletins. 

The present work forms No. 103 of the Bulletin series. 


Witi1am DEC. RavENgt, 
Admimstrative Assistant to the Secretary, 
In charge of the United States National Museum. 
Wasuineron, D. C., September 15, 1919. 


PREFACE. 


Geologists. generally recognize that knowledge of the geology of 
Central America is essential to solving the problems of the geologic 
history of the Americas, and many of them have devoted as much 
thought and study to the region as their rather occasional oppor- 
tunities for investigation permitted. Among the previous investiga- 
tors T. A. Conrad, W. M. Gabb, J. W. Gregory, W. H. Dall, H. Dou- 
villé, P. Lemoine and R. Douvillé, M. Bertrand and Ph. Ziircher, 
R. T. Hill, and Ernest Howe should be mentioned. Since work on 
the Panama Canal was initiated by the United States Government, 
excluding the investigations associated with official duties, contribu- 
tions have been made by Franz Toula, A. P. Brown and H. A. 
Pilsbry, and W. B. Scott. 

In 1911 the Isthmian Canal Commission attached to its staff Dr. 
Donald F. MacDonald as commission geologist. In October and 
November, in 1911, I had the privilege of spending a full month in 
field work along the canal, largely as a guest of the Canal Commis- 
sion, and I here wish to express to Maj. Gen. Goethals, then Col. 
Goethals, my very hearty thanks for the facilities afforded me. 
Doctor MacDonald and I, of course, worked together, and he left 
nothing undone in making our efforts successful. 

Doctor MacDonald and I both recognized the extraordinary oppor- 
tunity for making a highly valuable contribution, not only to the 
geology of Central America, but also to the geologic history of the 
continents to the north and south. As a result of our conferences, I 
suggested to the Director of the United States Geological Survey a 
plan for cooperation between the United States Geological Survey, 
the Smithsonian Institution, and the Canal Commission. He ap- 
proved the suggestion and submitted it to the Secretary of the 
Smithsonian Institution, who also gave his approval. As a result 
of these preliminaries the following letter was prepared and sent to 
the chairman of the Canal Commission: 

FEBRUARY 26, 1912. 
Col. Gzorer W. GorTHALs, 
Chairman Isthmian Canal Commission, 
Washington Office, Washington, D. C. 

Sir: As a thorough knowledge of the geology of the Panamic Isthmian region is 
essential to a solution of fundamental problems of the geologic history of both North 
and South America and of the adjacent oceanic basins; as the excavations for the 
Panama Canal and along the line of the relocated Panama Railroad offer opportunities 
during the next few years never before realized and probably never again to be realized 
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for a geologic study of this region; as there is a scientific need for the extension of the 
geologic investigations beyond the Canal Zone to adjacent areas, and as these extended 
investigations, although they may not always bear directly on the problems of build- 
ing the canal, will, by furnishing a basis for a wider knowledge of the geology of the 
area than can be obtained on the Canal Zone, be helpful in deciphering the local 
stratigraphy and structure of the rock formations cut by the canal, and will afford infor- 
mation on whether there are fuels, notably fuel oil, or other geologic products of eco- 
nomic value within reach‘of the canal: 

The Smithsonian Institution and the United States Geological Survey desire to enter 
into cooperation with the Isthmian Canal Commission in making a study of the geology 
of the Canal Zone and extending the studies to adjacent regions so far as is feasible. 

_ The following is submitted to the Isthmian Canal Commission for its consideration: 
_ Itis hoped and urged that the Canal Commission will continue in its service a com- 
mission geologist, and will provide facilities for his field work within the Canal Zone 
until the excavations for the canal for the Panama Railroad, and for any other projects 
that may require excavations have been completed and carefully studied. The Canal 
Commission is especially requested to permit the commission geologist to extend his 
examinations of the geologic formations and mineral resources beyond the Canal Zone, 
the salary of the geologist to be paid by the Canal Commission, and funds for his field 
expenses to be provided by the Smithsonian Institution. The commission geologist 
will, of course, submit to the Canal Commission a report of such nature and scope as the 
commission may direct. 

The United States Geological Survey will, without charge, cut rock sections for 
microscopic study, make chemical analyses, and furnish special reports on fossils and 
other collections made and submitted by the commission. The advice of the different 
specialists on the survey will be at the service of the commission whenever their advice 
may be desired. 

After the completion of the field work and after the commission geologist has sub- 
mitted his report to the Canal Commission, the Smithsonian Institution desires to pub 
lish comprehensive and detailed monographic accounts of the physiography, strati- 
graphic and structural geology, geologic history, geologic correlation, mineral resources 
(including coal, oil, and other fuels), petrography, and paleontology of the Canal Zone 
and of as much of the adjacent areas in the isthmian region as is feasible. The service8 
of the most eminent authorities will be enlisted in the preparation of special memoirs 
on the various collections made and submitted. The endeavor will be, by full presen- 
tation of all obtainable information, to make the Canal Zone the geologic standard of 
comparison for Central America as well as for portions of North and South America. 
In these reports due credit will be given to the Isthmian Canal Commission for its par- 
ticipation in the investigations. 

We hope that this plan will meet with your approval and support. 

Very respectfully, 


(Signed) CHARLES D. WaLcort, 
Secretary, Smithsonian Institution. 
(Signed) Gro. Orts SmirH, 


Director, U. S. Geological Survey. 


The proposed cooperation was approved by the chairman of the 
Canal Commission. Doctor MacDonald remained with the commis- 
sion until the excavations in connection with the canal were completed 
and he made explorations outside the Canal Zone, especially along 
Banana River in Costa Rica, and in the Province of Los Santos 
(Azuero Peninsula) and from David northward to the volcano of 
Chiriqui, in Panama. He was also geologist for the Costa Rica- 
Panama Boundary Commission. 
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Doctor MacDonald’s reports to the Canal Commission have been 
published in the annual reports of the chairman of the Canal Com- 
mission; and he is the author of a more lengthy paper entitled 
‘‘Some engineering problems of the Canal Zone in their relation 
to geology and topography,” published as Bulletin 86 of the United 
States Bureau of Mines.' Since the termination of his services for 
the Canal Commission he has completed a large report on the 
physiography, stratigraphic and structural geology, petrography, 
and economic geology of the Canal Zone. The transmission of this 
memoir for publication has been delayed because some of the paleon- 
tologic determinations were needed for interpreting the geologic 
history. 

After the agreement to the proposed plan of cooperation, I took 
charge for the United States Geological Survey of the preparation 
of the special paleontologic reports, of the problems of geologic 
correlation, and of the coordination of the investigations with other 
work on the physiography, stratigraphy, paleontology, and geologic 
history in the southeastern United States and the West Indies. The 
paleontologic material was sorted according to groups, and the 
following specialists undertook monographic reports: 

Dr. Marshall A. Howe, calcareous algae. 
Prof. Edward W. Berry, higher plants. 
_ Dr. Joseph A. Cushman, foraminifera. 
Dr. T. Wayland Vaughan, madreporarian corals. 
Dr. Robert T. Jackson, echinoids. 
Dr. C. Wythe Cooke, mollusca. 
Mr. F. Canu and Dr. R. 8S. Bassler, bryozoa. 
Dr. Mary J. Rathbun, decapod crustacea. 
rot: fA} Palsbry;, dtnasedin 

The few vertebrates obtained were identified by Mr. J. W. Gidley. 
All of the paleontologic reports are now complete except that on the 
mollusks. It was at first hoped that Dr. W. H. Dall would prepare 
the one on this group, but pressure of other work prevented him. 
Later Dr. C. Wythe Cooke, paleontologist of the United States 
Geological Survey, began a study of the collection of mollusks, but 
other duties have interfered with his prosecution of it. The recent 
papers by Toula? and by Brown and Pilsbry? have been used, and 
they are valuable, but they do not meet the needs of the present in- 
vestigation, for the material described in them mostly represents 
one geologic formation, the Gatun formation, and the stratigraphic 


1U.8. Bureau Mines Bull. 86, pp. 88, 29 pls., 9 text figs., 1915. 

2 Toula, Franz, Eine jungtertiiire Fauna von Gatun am Panama-Kanal, Geolog. Reichsanstalt Wien 
Jahrb., vol. 58, pp. 673-760, pls. 25-28, 15 text figs., 1909; Die jungtertiire Fauna von Gatun am Panama- 
Kanal, Ibid., vol. 61, pp. 487-530, pls. 30,31,1911. 

8 Brown, Amos P., and Pilsbry, Henry A., Fauna of the Gatun formation, Isthmus of Panama, Acad. 
Nat. Sci. Phila. Proc. for 1911, pp. 336-373, pls. 22-29, 3 text figs., 1911; Fauna of the Gatun formation, 
Isthmus of Panama, II, Acad. Nat. Sci. Phila. Proc. for 1912, pp. 500-519, pls. 22-26, dtexts figs., 1913. 
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data are not sufficient. It is probable that three and perhaps four 
horizons will be discriminated within the Gatun formation. Other 
groups of organisms are adequate for correlation purposes in most 
or all of the other geologic formations, but for the Gatun formation 
the principal reliance must be placed on the mollusks. The collec- 
tions of mollusks made by Doctor MacDonald and myself is very 
extensive, and the greatest possible care was taken in obtaining full 
information on the stratigraphic relations of the material. It is 
hoped that a report commensurate with the size and importance of 
the collection may not be much longer delayed. 

The series of papers here presented comprises all of the pale- 
ontologic memoirs that have been completed. These are immedi- 
ately followed by descriptions of the geologic exposures where 
collections of fossils were made, with summaries of the fossils ac- 
cording to their stratigraphic occurrence, and a chapter on the 
geologic correlation of the fossiliferous formations, both with other 
American and with European formations. It is intended that Doctor 
MacDonald’s comprehensive general report will be published soon 
after this series of memoirs has been issued. 

The names of the geologic formations used in the paleontologic 
reports are the same as those employed by Doctor MacDonald in 
Bulletin 86 of the United States Bureau of Mines, to which reference 
is made on page v of this preface. 

I wish to thank the officials of the Canal Commission, particularly 
Maj. Gen. Goethals, Director George Otis Smith, and Chief Geologist. 
David White of the United States Geological Survey, and Dr. Charles 
D. Walcott, Secretary of the Smithsonian Institution, for the sup- 
port they have given these investigations. To my colleagues out- 
side the Geological Survey and United States National Museum, 
Dr. Marshall A. Howe, Prof. E. W. Berry, Dr. Robert T. Jackson, : 
Mr. F. Canu, and Prof. H. A. Pilsbry, who has collaborated in this 
work, I am under deep obligations; and it is a pleasure to record my 
appreciation of the efforts of my official colleagues, Dr. D. F. Mae 
Donald, Dr. Joseph A. Cushman, Dr. C.Wythe Cooke, Dr. R.S. Bassler, 
Dr. Mary J. Rathbun, and Mr. J. W. Gidley, all of whom have labored 
harmoniously to bring a large undertaking to a successful conclusion. 

Tuomas WAYLAND VAUGHAN. 
SEPTEMBER 15, 1919. 
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INTRODUCTION. 


The following report is based chiefly upon a number of specimens 
of fossil calcareous algae, of the group known to geologists as “ Nulli- 
pores,” from Oligocene and Pleistocene strata in the Panama Canal 
Zone, collected in 1911 by D. F. MacDonald and T. W. Vaughan, of 
the United States Geological Survey. 

In this materia] the Pleistocene period is represented by a single 
collection (MacDonald, 6039), consisting of numerous excellent free 
specimens, “‘ from flats near Mount Hope, five feet above tide level.” 
These Pleistocene specimens appear to the writer to belong to a 
species found by him a year or two earlier to be living in the Colon 
region, only a few kilometers distant. This species, so far as the 
writer can determine, has been hitherto undescribed; in framing its 
diagnosis, as published below, the fossil as well as the recent mate- 
rial has been considered, but a recent specimen, being more complete 
and satisfactory for detailed study, has been named as the technical 
type of the species. — 

So far as the present writer has been able to discover, the fossil 
coralline algae of America, in their taxonomic aspects at least, offer 
a practically untouched field for research. It is, of course, possible 
that geological and paleontological papers in which calcareous algae 
have been described have escaped the attention of phycologists, but 
inquiry among American geologists and paleontologists and a search 
of accessible literature have thus far revealed to the writer but a 
single? hitherto described species of fossil Lithothamnieae from the 
Western Hemisphere, namely, Lithothamnium curasavicum K. Mar- 
tin, from the Island of Curacao, a species to which further allusion is 
made below in the discussion of Archaeolithothamnium episporum. 


1 Stromatopora compacta Billings (Palaeozoic Fossils, vol. 1, p. 55, 1862) from the 
Island of Montreal, etc., has sometimes been considered by geologists to be of corallina- 
ceous affinities (the species has been referred to Solenopora by Nicholson and Etheridge, 
Geol. Mag., vol. 3, p. 529, 1885), but, if we may judge from published figures, the organ- 
ism seems to the writer hardly a coralline alga, if indeed it is an alga at all. 
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The fossil Lithothamnieae of Europe have been described and fig- 
ured in considerable number and with various degrees of care and 
detail. Most of these European descriptions and figures the writer 
has been able to see; some of them offer a reasonable basis for the 
future recognition of the forms concerned, without a reexamination 
of the original materials, but many of them do not. The present 
writer has had access to a good representation of the living Litho- 
thamnieae of North America, the West Indies, Europe, and the East. 
Indies, but so far as the fossil forms are concerned, he has had to 
depend upon descriptions and figures alone, which, as stated 
above, are often very unsatisfactory. In venturing to propose as 
new, two species of Lithothamnieae from Oligocene strata of the 
Panama Canal Zone, he doubtless risks the possibility that some 
future investigator, working with better materials or even with the 
same, may be able to convince himself or even to prove conclusively, 
that one or both of said species should be considered identical with 
species previously described from Europe. The diagnostic charac- 
ters, the limits of variation, and the geographic range of even the 
living species are still very imperfectly understood. Some of the | 
species are evidently widely distributed within certain temperature 
limits; others are at present known from single localities. So far as 
may be inferred from our present knowledge, very few, if any, of the 
forms of Lithothamnieae now living in tropical America occur also 
in European waters. 


List oF SPECIES AND THEIR GEOLOGIC OCCURRENCE. 


Archaeolithothamnium episporum, new species. Recent, Toro Point; and 
Pleistocene, Mount Hope; both in the Canal Zone. 

Lithothamnium vaughanii, new species, Oligocene, Culebra formation at 
station 6026, about haif way between Monte Lirio and Bohio Ridge. 

Lithothamnium isthmi, new species, Oligocene, Hmperador limestone at 
stations 6021, about 4 miles north of Gamboa Bridge, and 6024—b, Rio 
Agua Salud, Panama Railroad (relocated line). 

Lithoporella melobesioides (Foslie) Foslie, Oligocene, Emperador lime- 
stone at station 6024-c, Rio Agua Salud, Panama Railroad (relocated 
line). 


ARCHAEOLITHOTHAMNIUM 1 EPISPORUM, new species. 


Plates 1 to 6. 


Brownish red when living, the thallus forming at first widely e«- 
panded crusts 0.25-1.0 mm. thick, these in many cases repeatedly 
overgrown, the resulting crusts becoming 5 mm. or more thick, some- 
times remaining nearly smooth or exhibiting the irregularities of the 


1 We follow Rothpletz’s original spelling of the final syllable of this unfortunately long 
name, a spelling that, happily, agreer with Philippi’s spelling of the final syllable of 
Lithothamnium. 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 3 


substratum alone, but more often developing coarse, irregular 
rounded excrescences 5-12 mm. in diameter, or short rounded ver- 
rucae or nodules 2-5 mm. in diameter, the surface in sterile parts 
mostly smooth, indurated, and occasionally subnitent; hypothallia 
varying from weakly to strongly developed, 30-170 py. thick, their 
cells 17-28 p. by 8-11 yp; cells of the perithallium in distinct and regu- 
lar layers except in oldest and youngest parts, the layers in more or 
less distinct zones, layers of short and of long cells occasionally al- 
ternating, cells mostly 8-15 y» by 5-8 wu, in decalcified condition sub- 
moniliate, sphaeroidal to ellipsoidal, 1-24 times as high as broad, 
in. calcified condition mostly subquadrate or oblong in vertical sec- 
tion; sporangia superficial, their apicula even with the surface, or 
slightly protruding, their cavities becoming only imperfectly and 
irregularly embedded, the sori slightly elevated, very irregular in 
cutline, mostly 0.1-1.0 mm. broad, often widely confluent and anas- 
tomosing and becoming 5 mm. or more broad, the surface at length 
whitish and scarious, the ostioles mostly 16-22 » in diameter, sporan- 
gia 65-96 vp high (including apiculum), 27-50 p broad, 4-partite (oc- 
easionally 2-partite?), the spores irregularly paired or rarely sub- 
zonate. 

Localities and geologic occurrence.—Covering dead corals, etc., 
and often forming concretionary pebbles with coral cores, from low- 
water mark to a depth of several meters, Point Toro, near Colon, 
Panama Canal Zone, Howe 6832 (type, in Herb. N. Y. Bot. Gard.), 
January 7, 1910; Colon, Howe 6840 (this covers continuously a mass 
ef old coral 382 cm. long and 14 cm. in greatest width); also, as a 
Pleistocene fossil, “from flats near Mount Hope, five feet above tide 
level,” D. F. MacDonald, station 60391 1911. 

Paratypes.—Cat. No. 35298, U.S.N.M. 

In outward form and in its habit of overgrowing old corals, 
Archaeolithothamnium episporum resembles A. erythraewm (Roth- — 
pletz) Foslie, f. durwm (Heydrich) Foslie, from the Red Sea and the 
East Indies, especially as illustrated by Weber-van Bosse and Foslie 
(Corallinaceae of the Stboga Expedition, pl. 5). Of this species we 
have seen only one specimen (from near Makassar), communicated 
by Mme. Weber-van Bosse, but from this and from the descriptions 
and figures of A. erythraewm published by Foslie, Heydrich, and 
Lemoine, we infer that the Panamanian specimens represent a differ- 
ent species. Perhaps the most important distinctive character of A. 
episporum is to be found in its more superficial sporangia, as may be 
seen by comparing our photographs (pl. 2, fig. 1; pl. 3) with Hey- 
drich’s figure ? of a vertical section through a sporangial sorus of his 


17This is associated with minor amounts of other crustaceous corallines, including 
Lithophyllum, species, and Goniolithon, species. 
Ber. Deuts. Bot. Ges., vol. 15, p. 68, fig. 2. 1897. 
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Sporolithon ptychoides, which Foshe* and Lemoine? consider to be 
synonymous with A. erythraeum. The sori or the emptied sporangial 
cavities appear also to be much less regularly embedded or overgrown 
by new tissue than is the case in A. erythraeum, if one may judge 
from Rothpletz’s original description,? Heydrich’s figure 3,‘ Le- 
moine’s figure 29,? and the descriptions given by the last-named writ- 
ers; however, Foslie® remarks of 4. erythraeum that “the sori are 
partly to be found overgrown in great numbers by new formed tissue, 
partly, however, they are not to be seen in section.” In A. episporum, 
the sporangia themselves have never been seen except close to the 
surface; the emptied sporangial cavities do not show in a rough frac- 
ture or in an ordinary ground section, but irregular traces of them 
are often to be found in thin microtome sections of decalcified ma- 
terial. The sori of A. episporum are so superficial that their cover- 
ing, after the discharge of the spores, appears to die and is flaked off 
together with more or less of the intersporangial parts, and the new 
tissue growing up from the base of the sorus shows only occasionauy 
und imperfectly the outline of the former sporangial cavities. 
Rothpletz’s original description of his Lithothamnium erythraeum 
leaves one in some doubt as to whether he found the contents of the 
sporangium divided or undivided; he uses the term “ Tetrasporen,” 
but the measurements that he gives for these “ Tetrasporen” are 
such as commonly belong to the whole sporangium in this group. 
In Heydrich’s first description ° of his Sporolithon ptychoides, the 
“ Tetrasporangien” are said to be “meist ungetheilt, selten zwei- 
theilig,” but a little later * he figures four tetraspores in a sporangium, 
arranged in the “cruciate” manner. But this mode of division being 
at varlance with the prevailing ideas as to the arrangement of the 
spores in the Corallinacew, Foshe,’ a little later in writing a diag- 
nosis of the genus A7vchacolithothamnium inserted a question mark 
after “sporangia * * * unparted or cruciate?” and this sign of 
doubt as to the cruciate division has been repeated by later writers.® 
In A. episporum the mature sporangia are commonly and normally 
4-parted in an irregularly “ cruciate” fashion, but often the division 
axes of the two pairs of spores are at right angles to each other, so 
that only three spores are: visible in a lateral view, and occasionally 


1 Siboga Exped. Monog., No. 61, p. 38. 1904. 

2 Ann. Inst. Océanog., vol. 2, pt. 2, p. 67. 1911. 

3 Rothpletz, A. Bot. Centralb., vol. 54, p. 5. 1893. 

+Ber. Deuts. Bot. Ges., vol. 15, p. 68. 1897. 

5 Siboga Exped. Monog., No. 61, p. 41. 1904. 

6 Ber. Deuts. Bot. Ges., vol. 15, p. 69. 1897. 

7Tdem, pl. 18, fig. 3. 

8 Kgl. Norske Vidensk. Selsk. Skr. 1900, pt. 5, p. 8. 1900. 

®De Toni, Syll. Alg., vol. 4, p. 1721, 1905; Svedelius, in Eng. & Prantl, Nat. Pflanzen- 
fam., vol. 1, pt. 2; Nachtsiige, p. 267, 1911. 
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the second divisions seem to be omitted and the sporangium is appar- 
ently mature with only two spores. Very irregular types of division 
also occur, and rarely one finds an approach to the zonate? arr ange- 
ment characteristic of most of the Corallinaceae. 

The perithalhc cells of A. episporwm appear to be, in the decal- 
cified state, more rounded and in more moniliform filaments than is 
the case in A. erythraewm, as may be seen by comparing our photo- 
micrograph? with the photomicograph of a presumably decalcified 
section of A. erythraeum—published by Lemoine.* The distinct strat- 
ification of the perithallium of A. episporwm is due, in part, to the 
alternation of layers of long and short cells, but we have never seen 
in the Panamanian species any such striking alternation of long and 
short cells as is shown in this photograph published by Mme. Le- 
moine and as is shown still more emphatically in Heydrich’s figure 3 4 
of a vertical section of his Sporolithon ptychoides. 

From Archaeolithothamnium dimotum Foslie and Howe,® the only 
living species of this genus previously described from the West 
Indian region, A. episporwm differs widely in its thicker crusts, in 
its more superficial sporangial sori, which are for the most part ex- 
foliated after maturity of the sporangia and are only obscurely and 
imperfectly overgrown, in the usually larger, more rounded, and 
more moniliately arranged cells of the perithallium, the larger and 
rather less widely separated sporangial ostioles, ete. 

Archaeolithothamnium curasavicum (KK. Martin) Foslie,’ a Creta- 
ceous fossil from the island of Curacao, is described and figured as 
showing distinctly rows of embedded sporangial cavities, such as 
would not be seen even in a thin decalcified section of A. episporum. 

A Pleistocene fossil, collected by MacDonald at station 6039, from 
flats near Mount Hope, came from a few kilometers from the locali- 
ties where we found the plant living, and we can entertain no serious 
doubt as to the specific identity of the recent and the fossil forms. 
The living and fossil are similar in external habit, as may be seen 
by comparing plates 1 and 4. They are similar also in their rela- 
tions to old corals, and in structure (compare fig. 1, pl. 2, and fig. 4, 
pl. 5) they appear to exhibit only such differences as may be ascribed 
to individual variation or as may be expected in comparing the recent 
or living wad the foe dene. But le remains of ae fossil see 1- 


1 rents 4- ee sporangia have been described by Foslie for the Californian 
Archaeolithothamnium zonatosporum (Foslie, Algologiske Notiser. II. Kgl. Norske 
Vidensk. Selsk. Skr., 1906, pt. 2, p. 14), so that it would appear that this genus exhibits 
a wide variety in the matter of division of its sporangia. 

= Plate 3, fig. 2. 

3 Ann. Inst. Océanog., vol. 2, pt. 2, pl. 1, fig. 1. 1911. 

* Ber. Deuts. Bot. Ges., vol. 15. 1897. 

> Bull. N. Y. Bot. Gard., vol. 4, p. 128, pl. 80, fig. 1; pt. 87, 1906. 

6 Lithothamnium curasavicum K. Martin, Bericht iiber eine Reise nach Niederlindisch 
West-Indien und darauf gegriindete Studien. ITI. Geologie, p. 26, pl. 2. figs. 22—25, 1888. 
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mens after decalcification, though the outlines of the cells may be 
recognized here and there. As microtome sections of the decalcified 
fossil material are out of the question, comparisons of structure of 
the recent and fossil must naturally be based upon calcareous ground 
sections. And in comparing the cell structure in sections of the re- 
cent decalcified specimens (pl. 3) with that shown in ground sections 
of the calcareous fossils, it is necessary, of course, to bear in mind 
that cells in calcareous ground sections of the Corallinaceae com- 
monly appear much more rectangular than in decalcified sections of 
the same material.1_ In the sections of the fossil material thus far 
made there are no certainly recognizable traces of sporangial cavi- 
ties, but this is true in almost an equal degree of calcareous 
ground sections of the recent specimens except as to the surface of 
the plant (fig. 1, pl. 2), where the sori are, in fact, so decidedly 
superficial or even exserted that they could, perhaps, hardly be 
expected to persist in the fossil state. 

In the same locality with the type-specimens (Howe 6832) there 
occurs an outwardly somewhat similar plant (Howe 6837) that we at 
first suspected to be the antheridial form of A. episporwm, but certain 
recognizable, though possibly unimportant, differences in the form, 
size, and zonation of the perithallic cells have restrained us from so 
considering it. The antheridial conceptacle (cavities) in this 6837 
are 64-95 p. broad and 60-72 » high; they become copiously embedded 
by the continued upward or outward growth of the thallus. 


LITHOTHAMNIUM 2? VAUGHANII, new species. 
Plate 7, figs. 1 and 2, and plate 8 


Thallus forming at first expanded crusts 1-2 mm. thick, these be- 
coming’ overgrown, irregularly stratified, and 10 mm. or more thick, 
developing finally numerous, rather coarse, crowded anastomosing 
branches, and forming masses 2-4 cm. or more high; branches mostly 
3-12 mm. in diameter, usually much flattened, occasionally subterete, 
often reduced to anastomosing ridges, or sometimes appearing as 
dome-shaped elevations 2 cm. or more broad; primary hypothallia 
somewhat. reduced, their cells 14-33 » by 8-14 py, rather irregularly 
arranged (i. e., not distinctly “coaxial ”), cells of medullary hypo- 
thallia mostly 15-30 » by 5-13 », secondary hypothallia numerous 
and thin; branches showing in section numerous narrow irregularly 
Boou) pile n a ueclone lenticular or subcrescentic zones caused by 


1¥or illustrations of Ags ditreyences see Veune a Inst. Oceaneen VO) pitas 
p. 45, figs. 19-21, 1911. 

“The writer believes, with Mme. Paul Rome that the current rules of nomenclature 
require that Philippi’s original spelling of this generic name should be respected, even 
though prevailing usage has modified the final syllable. Whether the rules of nomencla- 
ture justify the use of this generic name for any of the species now bearing it is a more 
complicated question. 
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the alternation of layers of short and long perithallic cells, or by the 
interpolation of reduced secondary hypothallia; the larger perithallic 
cells mostly 18-22 » by 11-14 yp, usually higher than broad, the 
smaller subquadrate, about 8 y. square, or sometimes much compressed 
(7 » high, 14 p broad) ; conceptacles becoming embedded; tetrasporic 
conceptacles much flattened, oblong or elliptic-oblong in radio-ver- 
tical section, the cavity 500-740 » in maximum width, 130-230 p. in 
height; roof of the tetrasporic conceptacle rather sharply defined, its 
cells in regular vertical rows of 1-4 cells, often elongate vertically, 
becoming sometimes 25-30 y. high. 

Locality and geologic occurrence.—Oligocene, Culebra formation, 
“about half way between Monte Lirio and Bohio Ridge, on the relo- 
cated line of the Panama Railroad,” collected by D. F. MacDonald 
and T. W. Vaughan, 1911 (station No. 6026). 

Holotype and paratypes.—Cat. Nos. 35299, 35300, U.S.N.M. 

The specimens obtained are more or less embedded in a hard rock 
matrix, so that our photograph (fig. 1, pl. 7) can give only an imper- 
fect idea of the outward form of the plant. With a little mental 
clearing away of the matrix, it seems probable that in size and ex- 
ternal appearance, the species may be compared with rather coarse 
eroded conditions of the living Lithothamniuwm glaciale Kjellman, 
but there is little similarity in structure; the perithallic cells of Z. 
vaughanté average considerably larger than those of L. glaciale and 
they are arranged in more distinct layers; the embedded tetrasporic 
‘conceptacles of L. vaughanii are more flattened than those of ZL. 
glaciale, their cavities have about twice the maximum width of those 
of L. glaciale and the specialized character of the conceptacle roof 
is not noticeable in L. glaciale. 

In external habit Lithothamnium vaughanti may perhaps be com- 
pared also with the living Lithophyllum racemus (Lamarck) Foslie 
forma crassum (Philippi) Foslie1 of the Mediterranean and Ad- 
riatic seas, especially as shown in Hauck’s figure 2? under the name 
Lithothammium crassum Philippi, though the Panamanian fossil 
sometimes develops longer and perhaps more flattened branches than 
this form. 

_ Of the living Lithothamniecae now known to the present writer as 
occurring in the West Indian region, Lithothamniwm vaughanii per- 


1Kgl. Norske Vidensk. Selsk. Skr., 1898, pt. 38, p. 9, 1898. TFoslie’s identification of 
Lithothamnium crassum Philippi as a form of Lithophyllum racemus (Lamarck) Foslie 
was accepted by Heydrich (Bot. Jahrb., vol. 28, p. 536, 1901), but Mme, Lemoine quotes 
Lithothamnium crassum Philippi as a synonym of Lithothamnium calcareum (Pallas) 
Areschoug. It is not, however, apparent that any of these writers examined authentic 
material of Philippi’s Lithothamnium crassum, if such exists. It is of some interest, also,, 
to note that less than six months before Heydrich accepted Lithothamnium crassune 
Philippi as a form of Lithophyllum racemus he named it as the type of a proposed new: 
genus Stichospora (Ber. Deuts. Bot. Ges., vol. 18, p. 316, 1900). 

*Hauck, F. Die Meeresalgen Deutschlands und Oesterreichs, In Rabenhorst, L., 
Kryptogamen-Flora von Deutschland, Oesterreich und der Schweiz, vol. 2, pl. 1, 1885. 
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haps most resembles Lithophyllum daedaleum Foslie and Howe? as 
to general habit, but differs from it much in structure. 

In the best section, No. 35299 U.S.N.M., the one from which the 
photographs (fig. 2, pl. 7 and pl. 8) were made, the coarse inter- 
sporangial sterile tissue of the tetrasporic conceptacles is scarcely 
shown, yet the roofs of the conceptacles show unmistakable canals 
and none of the conceptacles in section exhibits a single orifice, so 
that we consider ourselves justified in inferring that the specimen in 
question is tetrasporic and that it belongs in the genus Lithotham- 
nium in the sense in which that name is currently applied to hving 
plants. In a section from another specimen under the same collec- 
tion number, traces of the sporangia and of the intersporangial 
sterile tissue are evident. It is to be observed also that the zonate 
arrangement of tissues, as observed in a section, is essentially of the 
character assumed by Mme. Lemoine? as being peculiar to the genus 
Lithothamnium. The rather distinctly specialized nature of the 
cells of the conceptacle roof is evidently a character of importance, 
in whieh respect it differs markedly from the plant we are de- 
scribing as Lithothamnium isthmi, as also in the distinctly zonate 
structure of the thallus, the reduced hypothallium, the larger tetra- 
sporic conceptacles, larger perithallic cells, ete. 

Among the more fully described fossil Lithothamnieae, LZ. vaugh- 
anit may perhaps be compared with Lithothamnium suganum Roth- 
pletz® from the Tertiary (“Scio-Schichten”) of Val Sugana, near 
Borgo in the Austrian Tyrol, but the conceptacles of the Panamanian 
fossil are much larger (500-740 » wide and 130-230 » high vs. 250 p. 
wide and 100 » high) and the perithallic cells appear to average con- 
siderably larger, being sometimes 13-22 » high, while those of Z. 
suganum are described as 9-12 v, long. 


LITHOTHAMNIUM ISTHMI, new species. 


Piate 7, fig. 3; plates 9, 10, and 11. 


Thallus forming at first stratified crusts 3-12 mm. thick, but at 
length developing tortuous anastomosing branches and forming large 
rather solid, concrescent, fruticose masses; branches mostly 2-12 mm. 
in diameter, much flattened or subterete, often subconic-cylindric, 
flexed-digitiform, or molariform; hypothallia showing regular con- 
centric layers of cells (“ coaxial”) ; hypothallium of the crustaceous 
parts 160-480 uw thick, its cells 17-28 » by 8-18 yp, transition to the 


1 Bull. N. Y. Bot. Gard., vol. 4, p. 133, pis. 83, 84, 93, 1906. 

2 Lemoine, Mme. Paul. Structure anatomique des Mélobesiées. Application a la classi- 
fication. Ann, Inst, Océanog., vol. 2, pt. 2, pp. 27, 28, 1911. 

2 Zeits. Deuts. Geol. Ges., vol. 43, p. 319, pl. 17, fig. 4, 1891. 
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perithallium abrupt; medullary hypothallium of the branches mostly _ 
0.6—2.0 mm. in diameter, often turning yellow and more or less disin- 
tegrated, its cells 17-44 p» by 8-13 p, transition to the perithallium 
abrupt or gradual; cells of the perithallium in distinct layers, the 
layers in rather indistinct zones; perithallic cells of the crustaceous 
parts subquadrate, 8-11 y in diameter, sometimes only 6 y broad; 
perithallic cells of the branches usually a little higher than broad, 
8-19 » by 8-12 »; conceptacles becoming embedded; tetrasporic con- 
ceptacles appearing much flattened in a vertical section, the cavity 
240-556 yw Ia maximum width, 1380-165 uv in height. 

Localities and geologic occurrence——In Emperador limestone of 
Oligocene age (and often constituting the dominant element in its 
composition) on relocated line of the Panama Railroad, opposite San 
Pablo, Panama Canal Zone (‘first Limestone outcrop just north of 
Caimito Station, about four miles north of Gamboa Bridge”), col- 
lected by D. F. MacDonald and T. W. Vaughan, 1911, Station No. 
6021 (No. 35301, type); and “above foraminiferous marl at Agua 
Salud Bridge about 4 mile north of New Frijoles on relocated line, 
Panama Raiiroad,” by the same collectors, Station No. 60246. 

Holotype and paratypes.—Cat. Nos. 35301 to 35303, U.S.N.M. 

The material upon which the above description is based shows 
much variation in form and structure and it was our first impression 
that two or more species were represented in it. However, if this is 
true, the two or more species are so intergrown and entangled and 
are so similar in structure that it is difficult to determine where one 
begins and the other ends. As regards the vegetative structure, we 
believe that we have been able to trace the continuous organic con- 
nection of the two types shown in our photomicrographs (pl. 9 and 
fig. 2, pl. 11), yet it is notoriously easy in the case of overgrowing 
and overgrown fossil Lithothamnieae to mistake the close contact of 
independent plants for structural continuity. 

In the tetrasporangial specimen (No. 35301—fig. 3, pl. 7 and pl. 9) 
that we have named as the type, the thallus presents itself in the 
form of irregularly superposed crusts, more or less overlaid by 
crusts showing a somewhat different structure and conceptacles of 
a different sort, these outer layers probably representing a crustace- 
ous species of Lithophyllum. The hypothallium of this No. 35301 is 
suggestive of that figured by Foslie? for his living Lithothamnium 
fragilissimum from Borneo (which, however, has a much thinner 
thallus). It suggests also the hypothallium of Lithothamnium lich- 

1Foslie, M. Lithothamnioneae, Melobesieae, Mastophoreae. In Weber-van Bosse, A., 


and Foslie, M. The Corallinaceae of the Siboga Expedition, Siboga Exped. Monog. No. 61, 
fig. 5, 1904. 
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enoides, as figured by Rosanoff+ and by Lemoine,” but the crusis are 
evidently more massive than in that species. 

Although the outward form of Lithothamnium isthmi is more or 
less obscured by being embedded in rock, it seems probable that in its 
typical condition (No. 35301) the external appearance of the plant 
may be compared with the recent plant from the Adriatic Sea figured 
by Hauck? as “ Lithophyllum decussatum Solms,” which Foslie‘ 
afterwards referred to his Lithothamnium philippii—a species that 
he maintained even after conceding® its specific identity with the 
earlier-published Lithophyllum crispatum Tauck. The typical 
form of Foslie’s Lithothammuum philippii is said by him ® “to have 
its hypothallium distinctly marked and vigorously developed, form- 
ing a coaxilate layer,” but the “coaxial” character is essentially 
denied by Mme. Lemoine’ to what she considers the same species 
under the name Lithothamnium crispatum Hauck. The perithallic 
cells of the crustaceous parts of Lithothamnium isthimi appear to 
average considerably smaller than those of LZ. crispatum (L. phi- 
lippw%) according to the measurements given by Lemoine and by 
Foshe. The tetrasporangial conceptacles of the Lithophylium de- 
cussatum of Hauck (Lithothamnium philippii Foshie) are stated by 
Hauck to be “ 800u bis 1 mm.” in diameter, while in Lithothamnium 
isthmi they are only 240-550 »y in maximum width. Moreover, 
unless we are mistaken in connecting the fruticulose parts of the 
Panamanian fossil with the crusts, Lithothamnium isthmi develops 
numerous solid anastomosing branches, while in L. crispatum the 
short branchlike excrescences are mostly hollow, infundibuliform, 
or seyphiform. These fruticulose conditions, which comprise a 
large part of the material collected by MacDonald and Vaughan, 
suggest in external form certain states of the hving West Indian 
Lithophyllum daedaleum Foslie and Howe, which also presents 
itself in both crustaceous and fruticulose conditions. Occasionally 
an unusually long subterete branch may resemble in form a frag- 


1Mém. Soe. Imp. Sci. Nat. Cherbourg, vol. 12, pl. 6, fig. 14, 1866. 

2 Ann. Inst. Océanog., vol. 2, pt. 2, fig. 60, 1911. It is of interest to note that Mme. 
Lemoine, basing her system of classification primarily upon the vegetative structure of 
the thallus, leaves Lithothamnium lichenoides in the genus Lithophyllum, notwithstand- 
ing the fact that its tetrasporangia are borne as in the genus Lithothamnium of modern 
writers. In the same way she would doubtless place Lithothamnium isthmi in the genus. 
Lithophyllum, even though this species (or its type at least) clearly has the tetrasporan- 
gial conceptacles of the conventional Lithothamnium. 

3 Hauck, F. Die Meeresalgen Deutschlands und Oesterreichs, pl. 1, fig. 7. See also. 
ol. 1, fig. 1, of Foslie’s Die Lithothamnien des Adriatischen Meeres und Marokkos (Wiss. 
Meeresuntersuch, Helgoland, vol. 7, pt. 1, 1904). 

4Foslie, M. On some Lithothamnia. Kgl. Norske Vidensk. Selsk. Skr., 1897, pt. 1, 
Py Co V89: 

5 Wiss. Meeresuntersuch, Helgoland, vol. 7, pt. 1, pp. 18, 14, 1904. 

6 Kgl. Norske Vidensk. Selsk. Skr., 1900, pt. 1, p. 5, 1900. 

7 Ann. Inst. Océanog., vol. 2, pt. 2, p. 80, fig. 38, 1911. 
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ment of the living East Indian Lithothamnium pulchrum A. Weber 
and Foslie.t 

Lithothamnium fosliet (Trabucco) De Toni (Syll. Alg., vol. 4, p. 
1761, 1905), a Miocene fossil from Italy, is figured? as having a 
“coaxial ” hypothallium, but from the illustrations given of the con- 
eeptacles, there is no sufficient ground for considering this plant 
to be a Lithothamnium rather than a Lithophyllum. In the original 
place of publication nothing but a figure (section) is given, from 
which, according to the scale of magnification given, it would appear 
that the conceptacles are only 140-160 p by 80-90 » and the perithallic 
cells about 16 » high, making the cells rather larger and the con- 
ceptacles much smaller than in L. zsthmi. 

If we are correct in including with Lithothammium isthmi the more 
ramified forms collected by MacDonald and Vaughan, the species, 
though commonly coarser, appears to be sometimes suggestive of 
plants figured as Nullipora ramosissima Reuss or Lithothamnium 
ramosissimum (Reuss) Schimper, from the Tertiary “ Letthakalk” 
of the vicinity of Vienna, but Reuss’s original figures and descrip- 
tion® relate to external form only, and give no adequate basis for 
referring the plant to a modern genus. Unger* adds good figures 
of the vegetative structure, but shows no conceptacles. Rothpletz> 
describes the conceptacles of L. ramosissimum as 280 yp. high, while 
the height of the conceptacles of L. isthmz is 180-165 » and the width 
240-550 u. Rothpletz has no doubt that there are two species of 
Lithothamnieae in the “ Leithakalk,” which may have been confused. 

LITHOPORELLA MELOBESOIDES (Foslie) Foslie. 
Lithoporella melobesioides (Foslie) Fosrir, Kgl. Norske Vidensk. Selsk., 
OOO bh. 240.0: 
Mastophora melobesioides Vosttr, Kgl. Norske Vidensk. Selsk. Aarsber., 
1902, p. 24, 1908. 

Locality and geologic occurrence.—This species occurs in small 
quantity with Lithothamnium isthmi in Emperador limestone of the 
Oligocene age, “above foraminiferous marl at Agua Salud Bridge 
about 4 mile north of New Frijoles on relocated line, Panama Rail- 
road,” D. F. MacDonald and T. W. Vaughan, 1911, Station No. 60240. 


EXPLANATION OF PLATES. 
PLATE 1. 


Archaeolithothamnium episporum M. A. Howe. 
Photograph, natural size, of the type-specimens, collected at Point Toro, near 


2 Hulithothamnium fosliei, Trab. Boll. Soc. Geol. Ital., vol. 19, pl. 11, fig. 10, 1900. 

* Haidinger, Naturw. Abh., vol. 2, pt. 1, p. 29, pl. 3, figs. 10, 11, 1848. Type from 
‘“Neudorfl,” Hungary. 

4 Denkschr. k. Akad. Wiss. Wien, vol. 14, p. 23, pl. 5, figs. 18-22, 1858. 

° Zeits. Deuts. Geol. Ges., vol. 438, p. 320, 1891. 
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type in a narrower sense is the specimen shown at the lower right-hand corner 
of the plate—the specimen from which figure 1 of plate 5 was obtained. 


PLATE 2, 
Archacolithothamnium episporum M, A. Howe. 
Photographs of radio-vertical ground (calciferous) sections of type material 
(Point Toro, Howe 6882). 
Hie. 1. Lithothamniwm cvaughavit M. A. Howe. Photograph of the type- 


portion of a sporangial sorus, enlarged 42 diameters. 
2. Section, enlarged 200 diameters. 


PLATE 3. 
Archaeolithothamnium episporum M., A. Howe. 
Photographs of radio-vertical sections of decalcified material (Point Toro, 


Howe 68382), enlarged 200 diameters. 


lic. 1. Section showing sporangia and tetraspores. 
2. Section showing emptied sporangia, form and arrangement of peri- 
thallic cells, a weakly developed hypothallium, etc. 


PLATE 4, 
Archaeolithothamniun episporum M, A. Howe. 


A Pleistocene fossil, “ from flats near Mount Hope, five feet above tide level,” 
D. F. MacDonald 6039, 1911, natural size. 


PLATE 5. 
Archaeolithothamnium episporum M. A. Howe. 


Tres. 1 and 2. Photographs of the type material (Point Toro, Howe 6832). 


Fie. 1. Portion of the surface, showing the more or less confluent sporangial 
sori, enlarged 4 diameters. 
2. A smaller part of the same surface, showing the sporangial ostioles, 
ete., enlarged 25 diameters. 
Iies. 38 and 4. Photographs of Pleistocene specimen from Mount Hope (Mac- 
Donald, Cat. No. 35298, U.S.N.M.) 
Ite. 8. Radiovertical seetion showing several superposed crusts and three well- 
developed hypothallia, enlarged 42 diameters. 
4. A part of a cross section of one of the excrescences or branches, showing 
a single weakly developed hypothallium, enlarged 42 diameters. Com- 
pare structure of living specimen as shown in fig. 1, plate 2. 


PLATE 6. 
Archaeolithothamnium episporum M. A. Howe. 


Photograph of section of the Pleistocene fossil from near Mount Hope 
(Cat. No. 35298, U.S.N.M.). A section magnified 78 diameters. 
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Fig. 1. Lithothamnium vaughaniit M. A. Howe. Photograph of the type- 
specimens (between Monte Lirio and Bohio Ridge, MacDonald and 
Vaughan, Cat. No. 35299, U.S.N.M.), natural size. 

2. Lithothamnium vaughanii. A section showing irregular zonation, tetra- 
sporic conceptacles, etc., enlarged 42 diameters. 

8. Lithothannium isthni M. A. Howe. <A section, slightly enlarged (11/8 
of the natural dimensions), showing the type-specimen embedded in 
the matrix (from about 4 miles north of Gamboa Bridge, MacDonald 
and Vaughan, station 6021). The type material (Cat. No. 35301. 
U.S.N.M.), from which the section shown in plate 9 was obtained, 
occupies the central portion of the light area and is overgrown by 
crusts of what appears to be a different plant, probably a species of 
Lithophyllion. 


PLATE 8. 
Lithothamnium vaughanii M. A. Howe. 


An enlargement of a part of the section shown in figure 2, plate 7, illus- 
trating form of perithallic cells, the reduced secondary hypothallia, the some- 
what specialized roof of the tetrasporic conceptacles, etc. Magnification 100 
diameters, 


PLATE 9, 
Lithothamnium isthmi M. A. Howe. 


A section of the type material (MacDonald and Vaughan, station 6021, Cat. 
No. 35301, U.S.N.M.), enlarged 100 diameters. The section shows the well- 
developed “coaxial” hypothallium, the smaller-celled perithallium, and the 
conceptacles with the coarse intersporangial tissue characteristic of the genus 
Lithothammum. 


PLATE 10. 
Lithothamnium isthmi M. A. Howe. 


A specimen from about one-third mile north of New Frijoles (MacDonald 
and Vaughan, station 6024—b, Cat. No. 353805, U.S.N.M.), natural size, showing 
fossil embedded in matrix, in both weathered and freshly broken surfaces. 

Pagal: 
Lithothamnium isthmi M. A. Howe. 
A somewhat obliquely transverse section of a branch (specimen from about 


4 miles north of Gamboa Bridge, MacDonald and Vaughan, station 6021, Cat. 
No. 35802, U.S.N.M.), enlarged 106 diameters. 
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THE FOSSIL HIGHER PLANTS FROM THE CANAL ZONE.1 


By Epwarp W. Berry, 


Of the Johns Hopkins University, Baltimore. 


INTRODUCTION. 


It is a truism that the present floras and faunas of Central America 
are the result of a long series of antecedent geologic changes which 
might be amplified as geographic, climatic, and biologic. As the 
past can only be understood by means of our knowledge of the 
present, so, too, the present can only be understood by means of 
our knowledge of the past. Moreover, this can never be a local prob- 
lem, and this is particularly true of the Isthmus of Panama marking 
as it does at times the highway of communication between the ter- 
restrial life, both animal and plant, of North and South America; 
at other times marking one of the paths of communication between 
the marine life of the Atlantic and Pacific. Thus the history of the 
Central American region is of the utmost importance in any con- 
sideration of the extinct terrestrial faunas and floras of North Amer- 
ica or the marine faunas that formerly flourished on the east and 
west coasts. 

Our knowledge of the present flora of the isthmian region is based 
upon Seemann’s flora? and Hemsley’s flora of Central America, sup- 
plemented by the scattered papers by numerous authors on special 
topics relating to this flora. As the results of the recent Biological 
Survey of the Canal Zone become available, we will doubtless have 
a secure basis for comparisons with antecedant floras both in this 
region and the areas north and south of it. 

The present distribution of plant associations is in its broader 
outlines governed almost entirely by the interrelations between 


1R. T. Hill, who did some geological work on the Isthmus in 1895 for Alexander 
Agassiz, mentions lignite and fragments of fossil plants in the Culebra clays at the base 
of the canal cutting at Culebra station (Bull. Mus. Comp. Zool., vol. 28, No. 5, 1898), and 
the lignitic coal at Chiriqui Lagoon was studied by Dr. John Evans in 1857, who reported 
‘that the fossil plants associated with the coal were endogenous and allied to or identical 
with those at present growing in the vicinity.” (Repts. of Expl. & Surv. for the Loca- 
tion of Inter-oceanic ship canals, etc., by the U. S. Naval Exped., 1875, BE. P. Lull, 
U. S. N., commanding, Washington, 1879.) ‘ 

2Seemann, Flora Panamensis, Botany of the voyage of H. M. S. Herald, pp. 57-346, 
1852-1857. 
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topography and the prevailing winds and the resulting variations 
in rainfall. 

The climate is now moist tropical, modified by the nearness of 
the two oceans, and there is therefore but slight diurnal or annual 
variations in temperature. So far as information is available re- 
garding the conditions during the Tertiary, there is no evidence that 
can be deduced from the fossil flora or the geographical history of 
the region to indicate that the climate was very different from what 
it is now at any time during the Tertiary, unless we are prepared to 
assent to enormous changes in the altitude of the land, for which 
the data does not seem to be adequate. 

The prevailing winds now come from the northeast, and as the 
divide is near the Pacific Coast the major part of the Isthmus north 
of this low divide has a heavy rainfall, as, for instance, 170 inches 
aut Porto Bello and 129 at Colon, as compared with 90 inches at 
Culebra or 71 inches at Ancon. There are two seasons—a short 
relatively dry season extending from January to April and a long 
and relatively wet season the balance of the year with the maximum 
of precipitation from September to December. Before the clearing 
of the French Canal Company forests covered six-tenths of the 
Isthmus, the remainder being broken forests and savannas. Ever- 
green tropical rain-forests of mixed angiosperms covered the entire 
northern watershed and part of the Darien region on the south side. 
Some of the forests of the southern watershed are what are known 
as monsoon forests, with many deciduous species, and at high alti- 
tudes there may be more gregarious types of forest as, for example. 
the oak forests which are so striking a feature in the uplands of 
Central America as you proceed to the northwest. 

The shores are skirted with dunes abounding in Leguminosae and 
Euphorbiaceae with Coco palms and Hippomane. Low shores and 
tidal inlets are covered with mangrove swamps with Rhizophora, 
Avicennia, Conocarpus, etc. Less saline coastal marshes are covered 
with Acrostichum, Crescentia, or Paritium thickets. The evergreen 
forest is composed chiefly of species of Sterculiaceae, Tiliaceae, and 
Mimosaceae, Euphorbiaceae, Anacardiaceae, Rubiaceae, Myrtaceae, 
and Melastomataceae, with small palms like Chamaedorea, Trithri- 
nax, and Bactris. 

CORRELATION. 


The fossil flora described in the present report is too limited for 
purposes of exact correlation, which may be expected to be settled 
by the marine faunas present at most horizons in the Isthmian region. 
Regarding the plants in the various formational units recognized in 
the Canal Zone by MacDonald a glance at the accompanying table 
of distribution will show that from the oldest (Bohio) to the young- 
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est (Gatun) plant-bearing formations there is no observable dif- 
ference in floral facies, and while the plants are entirely too few for 
positive conclusions, and while not much variation can be expected 
in fossil floras of the Tropics unless after the lapse of long intervals 
of time or the intervention of marked changes in physical conditions, 
I am disposed to think that this so-called Oligocene series of forma- 
tions does not represent any great interval of time. 

Nearly all of the fossil plants are new, the only outside occurrences 
being the Hieronymia which is common to the Tertiary of Ecuador 
and the Palmoxylon and Taenioxylon both of which occur in the 
Oligocene of the island of Antigua, and both have related types in 
the Oligocene (Catahoula and Vicksburg) of our Southern States 
In addition to the Hieronymia common to Ecuador there are several 
other elements in the Tertiary flora of the latter region that are 
similar to Panama forms, and it is not improbable that the coals of 
Loja in the Ecuadorian Andes are the same age as the so-called 
Oligocene series of Panama. Only one pre-Oligocene plant is re- 
corded from Panama and the age (Eocene) rests on the stratigraphic 
observations of Doctor MacDonald and paleontologic determinations 
by C. W. Cooke. The form itself offers no intrinsic evidence of its 
age and might well be early Oligocene but for the fact that Doctor 
MacDonald collected the type stratigraphically below a bed con- 
taining a varietal form of the mollusk, Venericardia planicosta. 

The chief question of interest in the correlation of these Panama 
beds is their equivalence in terms of the European section. Tha 
present flora offers no evidence on this point which must hence be 
determined by the accompanying marine faunas. However, in view 
of the traditional unscientific assumption that all of the fossiliferous 
beds of the Carribbean region are Oligocene in age, it is of interest 
to note that Douvillé’ from a study of the foraminifera, pointed 
out as early as 1898, that a considerable part of the so-called Oligo- 
cene of the Isthmus was Aquitanian and Burdigalian in age; that is 
to say, lower Miocene according to the present conceptions of Kuro- 
pean geologists and palentologists. 

In my preliminary announcement? of the discovery of fossil plants 
in the Canal Zone I stated that none of the plants recognized indi- 
cated Eocene and that they were all probably Oligocene in age. 
This statement was perhaps overemphasized in a desire to offset the 
extreme views of certain foreign paleontologists who have held that 
these faunas were young Miocene or even Pliocene. 

The question of the exact time in the Tertiary at which connections 
between North and South America were replaced by marine condi- 
tions 1s of the utmost importance in all studies of distribution of both 


1Douvillé, H. Bull. Soc. Géol. de France, ser. 3, vol. 26, pp. 587-600, 1898. 
2 Berry, E. W. Science, new ser., vol. 39, p. 857, 1914. 
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the marine faunas and the terrestrial faunas and floras. The floral 
evidence as previously stated is inconclusive. I should not, however, 
be inclined to consider any of the fossil plants, except one Eocene 
species, described in the present report as younger than Burdigalian 
nor older than Sannoisian (Lattorfian). 
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BOTANICAL CHARACTER. 


The fossil flora at present known from the Canal Zone is extremely 
limited and entirely too small for either purposes of adequate cor- 
relation or for deductions concerning the true botanical facies or the 
environmental conditions. Seventeen species are determined and 
two or three additional forms are tentatively recognized. This 
paucity is especially to be regretted since it is improbable that under 
the existing climatic conditions as favorable opportunities for the 
discovery and collection of fossil plants will ever be presented as 
during the digging of the canal. While fossil plants were nowhere 
found to be abundant in the shales, nevertheless, it is very probable 
that an experienced collector by working over a large amount of 
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material could have gotten together a much more representative col- 
lection. 

The plants collected include ill-defined fragments of one fern, 
two undertermined species of palm, represented by fragments of 
foliage, and a third represented by petrified stems, and 16 dicotyle- 
dons, of which two are represented by fruits and the balance by 
leaves. 

Among the Dicotyledonae there are representatives of the orders 
Urticales, Ranales, Rosales, Geraniales, Sapindales, Thymeleales, 
Myrtales, Ebenales, and Rubiales. Orders conspicuous in the exist- 
ing flora of the Isthmian region unrepresented among the fossils are 
the Arales, Poales, Cyperales, and Orchidales among the Monocoty- 
ledonae, and the Campanulales and Personales among the Dicoty- 
ledonae. 

The following 14 families are represented by fossils in Panama: 
Moraceae, Anonaceae, Myristicaceae, Mimosaceae, Caesalpiniaceae, 
Papilionaceae, Malpighiaceae, Euphorbiaceae, Sapindaceae, Laura- 
ceae, Myrtaceae, Melastomataceae, Ebenaceae, and Rubiaceae. Only 
the last, with two species, is represented by more than a single species. 
When so sparse and evenly distributed a representation of the 
families is present in a fossil flora, it is an indication that after allow- 
ing for some accidents of preservation, those families represented may 
be regarded as the most abundantly represented in the Tertiary flora 
of the region, and in this respect there is a very great similarity to the 
existing flora of the Isthmian region. The present forests of Panama 
are made up principally of species of Arecaceae, Moraceae, Mimo- 
saceae, Papilionaceae, Sterculiaceae, Tiliaceae, Euphorbiaceae, Ana- 
cardiaceae, Myrtaceae, Melastomataceae, and Rubiaceae. The only 
ones of this list not found fossil are the Sterculiaceae, Tiliaceae, and 
Anacardiaceae, and as these three families are all abundant in the 
much more complete floras from the Tertiary of the southeastern 
United States, it is safe to assume that they were also present in the 
Tertiary flora of Panama. The mainly herbaceous familes abundant 
in the Recent flora, which are hardly to be expected in the fossil flora, 
are the Poaceae, Cyperaceae, Orchidaceae, Araceae, and Compositae. 

The bowers of wild figs of the existing flora are represented by a 
small-leafed species of Ficus from two localities in the Culebra 
formation. The family Anonaceae, which has numerous species of 
Anona and Guatteria in the Recent flora of Central America, 1s rep- 
resented by a fine large species of the latter genus which is not un- 
common in the Gatun, Caimito, and Culebra formations. Gwatteria 
contains about 50 existing species of tropical shrubs and trees of 
varying habitats and exclusively American, and has not been previ- 
ously recognized with certainty in fossil floras. Anona is abundant 
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in the Eocene and Oligocene of our Southern States, but Guatieria 
has not been recognized. . 

The Myristicaceae is represented by an infrequent species of 
Myristicophyllum in the Culebra formation, and in this connection it 
is of interest to note the presence of fruits and seeds of Myristica in 
the uppermost Eocene of Texas suggestive of the subgenera Virola 
and Compsoneura, both of which occur in the Recent flora of Central 
America. The Leguminosae have three fossil species. The Mimosa- 
ceae, which are very abundant in the existing forests of Panama, are 
represented by a fossil species of /nga, a large genus of tropical trees 
with upward of two-score species in Central America, nearly half 
of which are recorded from Panama. J/nga is well represented in 
the abundant Eocene floras of our Southern States, and it is of in- 
terest to note the resemblance between the fossil species from Panama 
and a species described by Engelhardt from an unknown Tertiary 
horizon in Ecuador. 

The Caesalpiniaceae is represented by a single species of Cassia, a 
large genus not only in the Recent equatorial floras but well repre- 
sented in most fossil floras from the Upper Cretaceous to the present. 

The Papilionaceae, very abundant in the existing flora of Panama, 
is supposed to be represented by the petrified wood of a large tree 
referred to the genus Taenioxylon and found in the Cucuracha, 
Culebra, and Bohio formations. 

The family of Malpighiaceae is represented by the genera Hiraea 
and Bani&teria. The former has about 30 recent species, exclusively 
American, ranging from Mexico and the Antilles to tropical Brazil 
and Peru, and it is represented by a fossil species in the Eocene of 
the Mississippi embayment. Banisteria contains about 80 existing 
species, mostly climbing shrubs. It is at present confined to the 
American tropics, but appears to have been present in Europe as well 
as in the southern United States during the Tertiary. 

The Euphorbiaceae, abundantly represented in the present forests 
of Panama, is represented in the Caimito formation by a species of 
Hieronymia apparently identical with one described by Engelhardt 
from the Tertiary of Ecuador. Hieronymia, not otherwise known 
in the fossil state, contains about a dozen existing species which are 
confined to tropical America, where they range from Mexico and the 
West Indies to Brazil. 

The Sapindaceae, abundant in all fossil floras from the Upper 
Cretaceous onward, and exceedingly abundant in the Tertiary floras 
of the Mississippi embayment, is represented in the fossil flora of 
Panama by a species of Schmidelia found in the Caimito and Culebra 
formations. Schmidelia has a large number of existing species in 
the equatorial regions of both hemispheres and, except for petrified 
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material from the island of Antigua, it has not previously been recog- 
nized in the fossil state. 

The family Lauraceae, so extensively represented in the Tertiary 
floras of the Mississippi embayment and in the Recent tropical flora 
of South America, is represented at Panama by a single fragmentary 
species which is referred to Mespilodaphne. The latter has numer- 
ous modern species in the tropics of America and Africa. 

The Myrtaceae, one of the abundant families in the existing for- 
ests of tropical America, has a fossil species of Calyptranthes at 
Panama. This genus has about 70 exclusively American existing 
species ranging from Mexico and the West Indies to southern Brazil. 
Hemsley records 7 recent species from Central America, of which 
2 are found on the Isthmus. It is also represented in the lower 
Eocene of the Mississippi embayment. The abundant, both Recent 
and fossil, representatives of the alhed genera Hugenia and Myrcia 
have not been recognized in the fossil flora of the Isthmus. 

The Melastomataceae, an immense tropical family in the existing 
flora and very abundant throughout Central America, has a single 
fossil species in the Culebra formation. 

The family Ebenaceae, usually abundant in fossil floras from the 
Upper Cretaceous onward, and with a large number of species in 
tropical America, is represented on the Isthmus by the petrified 
fruits of a species of ebony (Dzospyros) known to be from an older 
horizon (Eocene) than the balance of the known fossil flora. 

The Rubiaceae, a prominent family in the existing flora of Central 
America, where according to Wallace (1911) it ranks fourth in size 
with 146 species, is represented by two fossil species, both found in 
the Gatun formation. These are referred to Rondeletia and Rubi- 
acites. 

The former has not heretofore been found fossil. It includes 
about 70 existing species of a variety of habitats, confined to the 
American tropics and chiefly massed in the Antilles and Central 
America. fubdacites is represented by a fruit which is apparently 
referable to the tribe Ixoreae, now confined to the tropics of both 
hemispheres. 


TERTIARY ECOLOGY. 


The restricted variety and fragmentary condition of the fossil 
plants thus far collected inhibits a detailed discussion of the prob- 
‘able ecology of the Tertiary flora. In so far as climatic conditions 
are concerned the Tertiary plants indicate an abundant rainfall and 
relatively high equable temperatures such as prevail at the present 
time in the Hill country and Coastal Plain of the Isthmus. There is 
no indication of upland vegetation. None of the fossil plants indicate 
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mountains sufficiently high to harbor that mixture of temperate types 
such as is seen at the present time in the mountains of Central 
America, as, for example, above 6,000 feet in Costa Rica. There was 
plenty of opportunity for the introduction of such types had the 
climate been propitious, so that I would infer that the Tertiary relief 
was slight, that is under 5,000 feet and probably much less than this, 
although there is no evidence to warrant precision of statement. 

On the other hand, the collected fioras do not furnish any traces 
of the characteristic vegetations of low muddy shores, although types 
like Rhizophora, Avicennia, Conocarpus, Laguncularia, etc., were 
already in existence in Eocene times as we know from their presence 
in the Mississippi embayment of that time, where they were undoubt- 
edly derived from the south. I do not infer that these costal types 
were absent in the Tertiary flora of the Isthmus. On the contrary 
they must have been present; but no traces of them have been dis- 
covered except the traces of Acrostichwm in the Culebra formation. 

The bulk of the fossil plants clearly belong to the evergreen rain 
forests and they have the appearance of having been washed into 
the basins of sedimentation by streams. None of the lithologic speci- 
mens that I have seen from the Isthmus indicate autochonous swamp 
deposits either of coastal or valley situations and I picture the flora 
as one of a humid tropical character covering a country of low hills. 
This is of necessity a tentative conclusion and perhaps even such 
general deductions are unwarranted because of the very limited data 
with which I have had to deal. 


FLORA OF THE CANAL ZONK. 
Arecales: 
Arecaceae— 
Palmoxylon palmacites (Sprengel) Stenzel. 
Urticales: 
Moraceae— 
Ficus culebrensis, new species. 
Ranales: 
Anonaceae— : 
Guatteria culebrensis, new species. 
Myristicaceae— 
Myristicophyllum panamense, new species. 
Rosales: 
Leguminosae— 
Taentoxylon multiradiatum Felix. 
Inga oligocaenica, new species. 
Cassia culebrensis, new species. 
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Geraniales: 
Malpighiaceae— 
Hirea oligocaenica, new species. 
 Banisteria praenuntia, new species. 
Euphorbiaceae— 
Hieronymia lehmanni Engelhardt? 
Sapindales: 
Sapindaceae— 
Schmidelia bejucensis, new species. 
Thymeleales: 
Lauraceae— 
Mespilodaphne culebrensis, new species. 
Myrtales: 
Myrtaceae— 
Calyptranthes gatunensis, new species. 
Melastomataceae— 
Melastomites miconioides, new species. 
Ebenales: 
Ebenaceae— 
Diospyros macdonaldi, new species. 
Rubiales: 
Rubiaceae— 
Rondeletia goldmani, new species. 
Rubiacites tzoreotdes, new species. 
Fern fragments of Acrostichum. 
Palm rays. 


SYSTEMATIC PALEOBOTANY. 
PTERIDOPHYTA. 
Order FILICALES. 


FERN FRAGMENTS OF ACROSTICHUM. 


The material from the Culebra formation, one-fourth mile south 
of Empire Bridge, contains several obscure fragments of large simple 
fern pinnules with reticulate venation strongly suggestive of Acros- 
tichum, but too incomplete for identification. The genus now prin- 
cipally represented by the cosmopolitan tropical tidal marsh species 
Acrostichum aurewm is abundant in the Eocene and Oligocene of 
both America and Europe, and is especially characteristic in the 
Jackson, Catahoula, and Vicksburg of our Gulf States. 
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SPERMATOPHYTA. 


Order ARECALES. 
Family ARECACEAE. 


PALM RAYS. 


The broken rays of apparently two species of palms occur spar- 
ingly in the Culebra formation at the locality one-fourth mile south 
of Empire Bridge. These are too incomplete for even tentative 
generic determination. 


Genus PALMOXYLON Schenk. 


Group LUNARIA. 
PALMOXYLON PALMACITES (Sprengel) Stenzel. 


Plate 12, fig. 1. 

Endogenites palmacites SPRENGEL, Commentatio, p. 39, figs. 6, 6a, 1828. 

Fasciculites palmacites Cotta, Dendrol., pp. 49, 89, pl. 9, figs. 1, 2, 1832.— 
UNGER in Martius, p. 59, tab. geol. 3, fig. 6, 1845. 

Palmacites dubius Corps, Beitrage, p. 42, pl. 22, 1845.—ScH1mprr, Pal. 
Végét., vol. 2, p. 5138, 1870; Handbuch, Abst. 2, p. 887, 1892. 

Palmacylon tenerum FEutx, Foss. Hdédlzer Westindiens, p. 26, pl. 4, fig. 1, 
1883.—SCHENK in Zittel. 

Palmozylon palmacites STENGEL, Foss. Palmenhdlzer, p. 245, pl. 20, fig. 253, 
1904. 

Description.—¥ ibro-vascular bundles small, very numerous, closely 
spaced, orbicular or ovate in cross section, uniformily distributed as 
a rule, 0.60 mm. to 0.75 mm. in diameter, and rarely, if ever, that 
distance from one another. Auxiliary bundles absent. 

Sclerenchyma portion excavated more or less deeply to receive the 
vascular portion, which is often nearly equal to it in size. Occa- 
sionally a thin zone of sclerenchyma entirely surrounds the vascular 
portion. Sclerenchyma fibres small, isodiametric, greatly thickened, 
of nearly uniform size, about 0.035 mm. in diameter. Vessels vari- 
able in size, ranging from 0.072 mm. to 0.18 mm. in diameter, usually 
two large vessels and either none or several small vessels on the side 
away from the bast in each bundle. The phloem portion in general 
destroyed and represented by a disorganized cavity between the ves- 
sels and the bast. 

The ground mass of the stem consists of thin walled parenchyma 
without intercellular spaces. The cells are small, isodiametric, 
rounded pentagonal or hexagonal except where there are but one or 
two rows between closely adjacent bundles, in which case they are 
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narrowly compressed and elongated parallel to the sides of the 
bundles. Their diameter varies from 0.035 mm. to 0.10 mm. Scat- 
tered through the stem parenchyma are darker cells which in polar- 
ized light appear to be gum cells. They are slightly larger than the 
parenchyma cells, being from 0.072 mm. to 0.108 mm. in diameter. 

Occasional bundles are seen to be branching. These are the fas- 
ciculi fibroductores or Kreuzungsbtindel. 

This species was first recognized by Sprengel in 1828, who referred 
it to Endogenites; Cotta four years later transferred it to Fasciculites, 
and Corda in 1845 referred it to Palmacites. When Felix came to 
publish on the Antigua woods in 1883 he recognized this species, 
but in describing it under the genus Palmoxylon which had been 
proposed by Schenk only a year or two before he took the liberty 
of giving it the new name of tenerwm, which under the rules of 
nomenclature has no standing as Stenzel recognized in print in 1904. 

The specimen from Panama is small and may be from near the 
periphery of a stem, although in the group Zwnaria there is little 
difference between the central and peripheral regions. In the size, 
outline, and crowding of the fibrovascular bundles as well as in the 
character of the parenchyma of the groundmass the present species 
greatly resembles Palmoxylon integrum described by Felix: from 
Cuba and considered by Stenzel? as merely a variety of the Antiguan 
species Palmoxylon antiqguense (Unger) Felix.? It differs from that 
species in altogether lacking the numerous auxiliary sclerenchyma 
bundles which are so well marked in Palmoxylon integrum. A fur- 
ther difference is the presence of gum or mucilage cells which are 
fairly numerous in the Panama specimen of Palmoxylon palmacites 
and which might upon a merely superficial examination be mistaken 
for auxiliary sclerenchyma bundles. Among the Oligocene species 
of Palmoxylon from the southern United States Palmoxylon missis- 
stppense Stenzel* is very similar to the present species. 

Other described fossil species which show more or less resem- 
blances are Palmoxylon stellatum, aschersoni, variabile, and ceylani- 
cum. The nearest affinity among recent palms is not determinable 
in the present state of our knowledge of the anatomy of the latter. 
The present type of structure is commonly known as the Cocos- 
like type. 

For some unknown reason the upper Eocene and lower Oligocene 
in southeastern North America abounds in silicified palm wood. 
Palm leaves are often very abundant in the Wilcox and Claiborne 
Kocene and in the Apalachicola Oligocene; but all of the petrified 


1 Felix, Foss. H6lz. Westindiens, p. 24, pl. 5, fig. 2, 1883. 

2 Stenzel, Foss. Palmenhdlzer, p. 154, pl. 1, figs. 1-10, 1904. 
5 Felix, Foss. H6lz. Westindiens, p. 22, pl. 4, fig. 5. 

4 Stenzel, Foss. PalmenhdGlzer, p. 248, pl. 21, figs. 254-265. 
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palm wood in our Gulf region is confined to the Jackson or Vicks- 
burg groups. 

The island of Antigua, celebrated for at least a century for its 
petrified woods, has furnished at least seven species of petrified 
palms, five of which were known to Unger as early as 1850, and one 
was figured by Witham in 1833. These also are of Oligocene age. 
There are two additional Oligocene species described from the West 
Indies without definite information as to exact locality, and there 
is also a species from Trinidad and another from Cuba. The Oligo- 
cene species at present known from the southern United States are 
seven in number, four of which have not been found outside of that- 
region, while one or possibly two are common to Antigua, and a third 
has been reported by Felix from Southern Mexico. 

Occurrence.—Cucuracha formation, green clays, Gaillard Cut (loc. 

6586). Collected by D. F. MacDonald. 
Collection.—U. S. National Museum. Cat. No. 35310. 


Order URTICALES. 
Family MORACEARE. 
Genus FICUS Linnaeus. 

FICUS CULEBRENSIS, new species. 

Plate 13, fig. 1. 


Description.—Leaves of relatively small size, broadly oblong- 
Janceolate in general outline, apex acute but not extended or cuspi- 
date. Base bluntly pointed. Margins evenly rounded. Texture 
coriaceous. Length about 8 cm. Maximum width, in the middle 
part of the leaf, about 2.15 cm. Petiole short, stout, and curved. 
Midrib stout and prominent on the under surface of the leaf. Sec- 
ondaries thin, very numerous, evenly spaced, subparallel; they di- 
verge from the midrib at wide angles averaging about 75 degrees, 
pursue an almost straight outward course, their ends being con- 
nected well within the margins by regular flat arches formed by 
their abrupt camptodrome endings. Tertiaries obsolete. 

This is an especially well-marked species of the lanceolate leafed 
section of Ficus, and it may be matched by a number of still exist- 
ing species found in the American tropics. Among such a large 
number of both existing and fossil forms detailed comparisons are 
not especially pertinent. Two comparisons that seem significant are 
the resemblance of the present form to Ficus newtonensis Berry of the 
Upper Claiborne of the Mississipp1 embayment and to the forms from 
the Pannoisian of Haering in the aye of which Ettingshausen ? refers 


LEH oenuteen Tert. Fl. von Hueiee, p. 41, pl. 10, figs. 6, 8, 1853. 
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to Ficus jynz Unger, but which appear to me to be decidedly differ- 
ent from Unger’s type. 

Occurrence.—Culebra formation, upper part. East wall of the 
Gaillard cut just north of Canal Commission station 1760 (collected 
by M. I. Goldman). 


Order RANALES. 
Family ANONACEAE. 


Genus GUATTERIA Ruiz and Pavon. 
GUATTERIA CULEBRENSIS, new species. 


Plate 13, fig. 2. 


Description.—Leaves of large size, broadly ovate in general out- 
line, with a narrowed slightly decurrent base and a narrowed and 
extended acuminate tip. Length about 20 cm. Maximum width, 
approximately midway between the apex and the base, between 6 cm. 
and 7 cm. Margins entire. Texture coriaceous. Petiole short and 
stout, enlarged proximad, about 2.25 cm. in length. Midrib stout 
and promient. Secondaries mediumly stout and prominent, about 
ten opposite to alternate pairs diverge from the midrib at angles 
ranging from 45° to 60°, sweeping upward in regular ascending 
subparallel curves, camptodrome in the marginal region. Tertiaries, 
where visible, percurrent. 

The present is one of the more abundant and better preserved 
forms from the Canal Zone, but the large size of the leaves usually 
results in fragmentary specimens, the tip being almost invariably 
missing. The species shows great similarity with various existing 
forms of Anonaceae. It is very close to Anona marcgravii Martius of 
Venezuela, French and Dutch Guiana, and Brazil (Bahia and Per- 
nambuco). It is, however, among the various species of Guatteria 
that the closest homologies are found. The latter genus contains 
about fifty species of shrubs and trees, exclusively American! and 
found in Mexico, Central America, tropical South America, and in 
the northern Andes. The fossil may be compared with a large num- 
ber of the existing species, as for example Guatteria ouregon Dunal, 
a large tree of the Carribbean islands and equatorial South America. 
Guatteria dolichopoda De Candolle or G. grandiflora De Candolle 
of Central America. 

The family Anonaceae contains about 700 existing species, dis- 
tributed among about 48 genera, only two of which are present in 
North America. The family is practically confined to the Tropics, 


1The Asiatic species of various authors are referred to the genus Polyalthia. 
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a single Australian species, and the North American genus Asimina, 
with 6 or 7 species being the only conspicuously extratropical forms. 
The area of maximum representation is southeastern Asia and the ad- 
joining region of Malaysia, for while only 16 genera are confined to 
this region it contains over 350 species, and six additional genera 
(Miliusa, Uvaria, Polyalthia, Oxymitra, Melodorum, and Poporvia), 
with a total of over 250 species have the bulk of their species in this 
area. Only a single genus is confined to Australia, and the bulk of 
the Australian species are to be regarded as migrants from the pre- 
ceding area. There are upwards of 100 species and 6 peculiar genera 
in tropical Africa; and America has about 200 species and 10 peculiar 
genera. These are all confined to the Tropics, except for a species of 
Anona, which reaches the coast of peninsular Florida, and for the 
genus Asz7ména, with six or seven species of shrubs and small trees of 
the south Atlantic and Gulf States. One of these, .!simina triloba 
Dunal, is hardy as far north as New York, and has the distinction 
of growing the farthest distance from the Equator of any existing 
member of the family. The fossil record of the Anonaceae is very 
incomplete, only the genera Anona Linneaus and Asimina Adanson, 
being known with certainty. Both of these genera are present in 
the flora of the Wilcox group of the Mississippi embayment. 

The genus Guatteria has not, so far as I know, been heretofore 
found fossil, except for a doubtful species described by Hollick from 
the Upper Gretaceous of Marthas Vineyard and Long Island. The 
genus Uvaria Linnaeus has a Pliocene and three Pleistocene species 
on the Island of Java, and the genera M/elodorum Dunal and Mitre- 
phora Blume are both represented in the Pleistocene of that ‘sland. 

The genus Anona has from fifteen to twenty fossil species, five of 
which are also represented by seeds. The oldest is a species described 
from the Dakota sandstone. There is a second species in the late 
Cretaceous or Early Eocene of the Rocky Mountain province. The 
flora of the Wilcox affords a glimpse into the true stage of evolution 
of Tertiary floras in that expanded belt of the American equatorial 
region which was the center of radiation of so many recent types. 
There were three exceedingly well-marked species of Anona along 
the Wilcox coast and their leaves are very common at some localities, 
although no seeds have as yet been discovered. I assume that these 
Wilcox forms had habits similar to those of the majority of the ex- 
isting species, exemplified by our Florida Anona glabra Linnaeus, 
or pond apple, which frequents shallow fresh-water swamps, low 
shady hammocks, or stream borders near the coast. Other species 
occur in the low coppice association or on edges of brackish swamps 
on the Bahamas. The cultivated species, as, for example, the Ameri. 
can Anona reticulata Linnaeus, which is planted in Guam, often 
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spreads naturally along the inner beaches, while attempts to intro- 
duce others of the most highly esteemed American species in the 
Orient have failed. From its prevalence among the existing species 
the habit of growing in wet, shaded soils is evidently an old one, and 
since the Wilcox Anonas are associated with a strand flora the as- 
sumption that they grew on the inner beaches or the shaded and 
more swampy edges of lagoons possesses every degree of probability. 

In the pipe clays of Alum Bay which were contemporaneous with 
the Wilcox there are two species of Anona, and Engelhardt has de- 
scribed two species from the Eocene or Oligocene of Chili. The 
Oligocene record shows a species in France and a second in Saxony. 
In the Miocene there are two species each in England, Styria, and 
Croatia, and one each in Bohemia, Colorado, and Transylvania. 
There is one each in the Pliocene of France and Italy, showing how 
modern was their extinction in the south of Europe. 

The genus Asimina has only four or five recorded fossil species. 
These are all American except for a form from the Pliocene of Italy 
which has been referred to this genus, although I suspect that it 
represents Arnona, since Asimina appears to have originated and been 
confined to the Western Hemisphere. The oldest known species is 
based on foliage which is found in the basal Eocene of the Rocky 
Mountains (Denver formation) and of the embayment (Midway 
Group). There is a single species based on a seed from the basal 
Wilcox and no other records except a form close to the modern 
from the late Miocene of New Jersey (Bridgeton sandstone) and the 
occurrence of the existing Asimina triloba Dunal in the interglacial 
beds of the Don valley in Ontario. There are 17 existing species of 
Anona recorded from Central America, six of which are known from 
Panama. Hemsley records 11 species of Guatteria from Central 
America, at least two of which occur in Panama. 

Occurrence.—Culebra formation, upper part. East wall of Gail- 
lard Cut just north of Canal Commission station i760 (collected by 
M. I. Goldman). Gatun formation. Gatun borrow pits (collected 
by M. I. Goldman). 7 miles northeast of Bejuca near Chame 
(=Caimito formation) (collected by MacDonald). 


Family MYRISTICACEAE. 


Genus MYRISTICOPHYLEILUM Geyler. 
MYRISTICOPHYLLUM PANAMENSE, new species. 
Plate 18, fig. 8. 


Description.—Leaves ovate or ovate lanceolate in outline with 
pointed apex and base, entire, evenly rounded margins, subcoriaceous 
in texture. Length about 9 cm. Maximum width, midway between 
the apex and the base, about 3.3 em. Petiole slender, about 8 mm. 
long. Midrib slender. Secondaries thin, about 8 subopposite ascend- 
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ing subparallel pairs; they diverge from the midrib at acute angles 
and are subparallel with the lower lateral margins, eventually camp- 
todrome. Tertiaries obsolete. 

This species is unfortunately represented by fragmentary remains 
inadequate for conclusive identification. The genus Myristica Lin- 
naeus contains about two score existing species, rather more than half 
being American tropical forms, now often segregated into several 
genera. Many are insular and coastal forms, Schimper recording 4 
species in the Indomalayan strand flora and several species ranging 
eastward in the Pacific to the Fiji, Tonga, and Samoan Islands, and 
their fruits are recorded by both Gaudichaud and Guppy in the sea 
drift, although the oriental species are normally distributed by fruit 
pigeons (Mosley, Hemsley, Guppy). 

De Candolle and Miquel both considered the foliage, especially the 
-yenation, as offering the best criteria for differentiation, but in the 
absence of comparative material and the incomplete character of the 
Panama fossil it is not possible to apply these criteria. The American 
Recent species number about 25, and these are mainly South Ameri- 
ean in their distribution, although the sections or genera Virola 
Aublet and Compsoneura De Candolle both occur in Central America. 

The distribution of the Recent species in tropical America, Asia, 
and Africa is conclusive evidence of a Tertiary history, although this 
evidence is practically unknown. Geyer? described two forms of leaf 
fragments from the Miocene of Labuan (Borneo) and Engelhardt? a 
third from the Tertiary of Ecuador and Chile. The most conclusive 
evidence of their Tertiary radiation is furnished by the characteristic 
fruits described recently by the writer® and preserved in the wind- 
blown sands of the uppermost Eocene of Texas. 

Occurrence.—Culebra formation (upper part). East wall of Gail- 
lard Cut just north of Canal Commission station 1760 (collected by 


M. I. Goldman). 
Order ROSALES. 


Superfamily LEGUMINOSAE. 


Genus TAENIOXYLON Felix. 
TAENIOXYLON MULTIRADIATUM Felix. 
Plates 14 and 15. 

Taeniovylon nultiradiatwn Wetix, Die fossilen Hélzer Westindiens. 
Samm. palaeont. Abhi, ser. 1; Heft 1,-p. 11, pl. 1, figs! 10) aml. pill 2. 

fig. 10, 1888. 
Transverse section.—iIn a radial distance of 5 cm. there are no 
definite annual or seasonal rings. In certain zones the vessels are 


1Geyler, H. T., Veguw Expedition, vol. 4, p. 498, pl. 33, figs. 3-6, 1887. 

2 Engelhardt, H., Abh. Senck. Naturf. Gesellsch., vol. 16, p. 663, pl. 6, fig. 9; pl. 7, 
fig. 12, 1891; vol. 19, p. 13, ‘pl. 1, fig. 21, 1895. 

° Berry, H. W., Amer. Journ. Sci., ser. 4, vol. 42, pp. 241-245, figs. 1-6, 1916. 
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larger, more generally compound, and closer together, and in other 
zones they are more distant, slightly smaller, and prevailingly single. 
No changes are observable in the other elements and there is no 
regular alteration of vessel rich and vessel poor areas nor any change 
from so-called summer to spring wood such as characterizes the trees 
ot the temperate zone. 

Vessels single or two, three, or four together in radial rows (an 
anomalous group of five vessels in juxtaposition is shown in the de- 
tailed drawing). Outline of single vessels elliptical, those in groups 
flattened on one or both sides by mutual compression; their tangen- 
tial diameter ranging from 0.10 mm. to 0.14 mm.; their radial diam- 
eter ranging from 0.12 mm. to 0.16 mm., exceptionally large ones up 
to 0.22 mm.; their walls thick, 0.0067 mm. to 0.01 mm. in thickness, 
clearly showing the numerous small pits in section. Vessels fre- 
quently filled with gum. Vessels usually surrounded by one to three 
layers of rounded or more or less compressed thin-walled wood paren- 
chyma, somewhat variable in amount in different parts of the stem 
and tending to form tangential bands. Prosenchyma very abundant, 
the elements polygonal, small, somewhat smaller than those of the 
wood parenchyma, and thick walled. Rays very numerous, one or 
two cells wide as seen in transverse sections, flexuous in their courses 
since they are bowed out around the large vessels and approach more 
or less in the radial intervals between vessels; from 0.10 mm. to 
0.20 mm. apart, averaging nearer the former than the latter figure. 
The ray cells toward the ends of the rays which appear to be those 
usually seen in the several sections examined are not elongated radi- 
ally but are nearly isodiametric and about 0.02 mm. in diameter. 

Radial section—The radial section shows the close set, fine, trans- 
versely elongated pits of the vessels which have simple perforations. 
The wood parenchyma is septate, the cells being about 33 times as 
long as wide with large simple pits. The rays are of variable height, 
from 9 to 17 cells. They are seen in radial view to consist of a central 
series of radially elongated cells with numerous fine simple pits, 
above and below which is a series of longitudinally elongated cells, 
beyond which are one or two rows of isodiametric cells which are 
regularly hexagonal in this view. 

Tangential section.—The tangential section shows the uniform 
close set fine pitting on all the walls of the vessels, the relative short 
length and the large simple pits of the adjoining septate wood paren- 
chyma. The rays are seen to be very numerous, and separated by 
but few rows of flexuous prosenchyma; they are lenticular in outline 
and of variable height, one or two rays of terminal cells (those which 
are hexagonal in outline in the radial view) are single; then come 
one to three biseriate rows (those longitudinally elongated in the 
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radial view); toward the median region the rays are three or four 
cells broad (the radially elongated cells in the radial view). 

Felix states that in the Antigua material the rays were usually 
biseriate, while uniseriate and triseriate rays were rare. I do not 
know the extent of his material, but in the case of that from Panama 
I had but few radial sections cut. Ray cells frequently filled to a 
greater or less degree with gum. 

Remarks.—Fragments of the wood of this species are very com- 
mon in the collections from Panama, but a good deal was rather badly 
decayed before petrification. That which has formed the chief basis 
for the foregoing description and all of the photographs and draw- 
ings is beautifully preserved. The species is clearly identical with 
the type, as very insufficiently described and illustrated by Felix. 
One highly ferruginized and fairly well preserved quadrant of a 
trunk indicates a large tree, with a diameter of at least 25 cm. 

The genus 7aenioxylon was established by Felix in 1882 with 
T. varians from Antigua as the type. He has since described 7 addi- 
tional species including 2 additional from Antigua, 1 from southern 
Brazil, 1 from East Indies, 1 from Philippines, 1 from Caucasus, 
and 1 from the Swabian Alps. All are of Tertiary age and show 
resemblances to various members of the 3 Leguminous families, 
Caesalpiniaceae, Miomosaceae, and Papilionaceae. Felix considers 
the present species to be a member of the Papilionaceae, and it agrees 
entirely with Solereders account of the anatomy of this family. The 
two kinds of ray cells described have, according to Saupe, been 
shown to occur in the following tribes in this family, namely the 
Podalyrieae, Genisteae, Galegeae, Hedysareae, and Sophoreae. With- 
out much recent comparative material, which is unavailable, it is 
impossible to allocate the present species more definitely within this 
extensive family. 

Occurrences.—Bohio formation, middle Bohio Ridge (poorly pre- 
served) quadrant of a large trunk indicating a tree with trunk at 
least 25 em. in diameter. Cucuracha formation, upper part. Green 
clays of Gaillard Cut (locality 6845) Oligocene limestone. Orbi- 
toidal limestone, 2 miles north of David (locality 6523) (all above 
collected by D. F. MacDonald). Culebra formation, upper part. 
Near top of big slide, just north of Culebra. Collected by M. I. 
Goldman (figured material). 

Collections —U. S. National Museum, Johns Hopkins University. 


Family MIMOSACEAE. 
Genus INGA Willdenow. 
INGA OLIGOCAENICA, new species. 
Plate 16, fig. 2. 
Description.—Leaflets rather above medium size, elliptical-ovate 
and very inequilateral in general outline. Apex abruptly acute, not 
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extended. Base very inequilateral, truncate or ascending on one 
side and wide and cordate on the other. Margins entire, full. Tex- 
ture subcoriaceous. Length about 8 cm. or 9 cm. Maximum width, 
at or slightly above the middle, about 4 cm. Petiolule curved, short 
and stout, about 8 mm. long. Midrib stout, greatly curved. Sec- 
ondaries thin, five or six pairs, angles of divergence and courses 
various, all ultimately camptodrome; lower pair opposite, from the 
top of petiolule; they diverge from the midrib at angles of about 45 
degrees, curving slightly outward and then ascending, parallel with 
the respective margins; the one in the narrow side of the lamina 
arches along the margin in a brochiodrome manner; the one in the 
wide side of the lamina sends off on the outside a series of regularly 
spaced camptodrome tertiaries. Tertiary venation for the most 
part obsolete. 

This characteristic species may be compared with /nga densiflora 
Bentham,' /nga edulis Martius,? /nga marginata Willdenow,? or Inga 
speciosa Spruce* and with various other of the larger-leafed species 
of Inga in the American Tropics to which region the 212 of its 
existing species of shrubs and trees are confined. It may also be 
compared with a number of tropical American species of Cass?a, as, 
for example, Cassia ruseifolia Jacquin. 

About fiften fossil species have been referred to /nga. These 
include three from the Upper Cretaceous, two European, and one 
North American. There are also two or three species in the Oligo- 
cene of Europe, one in the Pliocene of Bolivia, two in the Tertiary 
of Ecuador, and one in the Tertiary of Colombia, four well-marked 
species in the Lower Eocene of the Mississippi embayment (Wilcox 
Group) and one in the middle Eocene of that region (Claiborne 
Group). The Panama species is not especially close to any of the 
foregoing. It is nearest, however, to /nga latifolia, described by 
Engelhardt*® from the Tertiary of Ecuador, differing in its broader 
form and more inequilateral base. 

_ Pittier records 14 existing species of /nga, from Panama.® Hems- 
ley lists 35 species in his flora of Central America, or which number 
18 are recorded from Panama. 

Occurrence —Lower part of Culebra beds one-fourth mile south of 
Empire Bridge. (Collected by D. F. MacDonald.) U.S.G.S. 6887. 

Type.—Cat. No. 35311, U.S.N.M. 


1 Bentham, Trans. Linn. Soc. Lond., vol. 50, p. 617, 1875 (Peru). 

2 Martius, Flora, vol. 20, Beibl., p. 118, 18387 (Brazil). 

3 Willdenow, Sp. Pl., vol. 4, p. 1015, 1806 (Venezuela). 

4 Spruce, in Bentham, Trans. Linn. Soc. Lond., vol. 30, p. 620 (Brazil). 

5 Hngelhardt, H., Abh. Senck. Naturfor. Gesell., vol. 19, 1895, p. 20, pl. 2, figs. 11, 12. 
¢ Pittier, H., Cont. U. S. Natl. Herb., vol. 18, pt. 5, pp. 218-228, 1916. 
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Family CAESALPINIACEAE. 
Genus CASSIA Linnaeus. 


CASSIA CULEBRENSIS, new species. 


Plate 16, fig. 1. 


Description.—Leaves obviously pinnately compound. Leaflets 
ovate, slightly inequilateral and falcate, with an obliquely acumi- 
nate, practically equilateral tip, and an acuminate markedly inequi- 
lateral base. Length about 6.25 cm. Maximum width, about mid- 
way between the apex and the base, 2.75 em.; one side of the lamina 
15 mm. wide, the other 12.5 mm. wide. Texture mediumly coriace- 
ous. Petiolule reduced to a thickened proximal part of the midrib 
extending but 1 mm. below the point of junction of one margin and 
about 2.5 mm. below the point of junction of the opposite margin. 
Margins entire, evenly rounded and full. Mudrib relatively thin, not 
prominent, curved. Secondaries thin, numerous, about 10 suboppo- 
site to alternate pairs; they diverge from the midrib at wide angles, 
about 70° in the middle part of the leaflet, are nearly straight regu- 
larly spaced and subparallel in their outward course for two-thirds 
of the distance to the margin where the principal ones fork to join 
in rounded arches the similar branches of adjacent secondaries; the 
secondaries in the apical and basal portions of the leaflet are regu- 
larly camptodrome; those toward the tip of the leaflet more closely 
spaced. Marginal tertiaries camptodrome, internal tertiaries mostly 
obsolete. 

This type in its genera] form and the character of its base and 
petiolule indicates that it is a leaflet of a pinnate leguminous leaf. 
Its general appearance suggests comparisons with the genera 
Sweetia, Myrocarpus, Toluifera, Cassia, and Sophora—the first three 
confined to tropical South America and the last two cosmopolitan in 
the existing flora. While the evidence is not conclusive, I prefer to 
consider it more closely allied to Cassia than to the other genera 
mentioned, particularly as the venation characters are such as I have 
considered referable to Cassza in my studies of the fossil floras of the 
southern United States. No species related to the Panama form is 
known from the Oligocene of the United States. 

The modern species of Cassia are very numerous, upwards of 400 
having been described. They comprise herbs, shrubs, and trees of 
varied habitats in the warmer parts of both hemispheres, particularly 
tropical America. The fossil species are also numerous and the 
generic history goes back to near the base of the Upper Cretaceous. 
The genus has been continuously represented in the warmer parts of 
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‘America from the time of deposition of the Tuscaloosa sediments of 
Alabama to the present. 
Occurrence.—Culebra formation, lower part, one-fourth mile south 
of Empire Bridge (collected by D. F. MacDonald) U.S.G.S. 68387: 
Type.—Cat. No. 35312, U.S.N.M. 


Order GERANIALES. 


Family MALPIGHIACEAE. 


Genus HIRAEA Jacquin. 
HIRAEA OLIGOCAENICA, new species. 
Plate 17, fig. 1. 
Description.—Leaves relatively large, ovate-lanceolate in outline, 
-faleate, with an equally cuneatly pointed apex and base. Margins 
entire, evenly curved. Texture subcoriaceous. Length about 9.3 
cm. Maximum width, at or somewhat below the middle, about 3.5 
em. Petiole short, stout, about 3 mm. in length. Miadrib stout, flex- 
uous. Secondaries thin, regularly spaced, about 9 pairs, prevailingly 
alternate; they diverge from the midrib at angles of about 45° and 
sweep upward in regular subparallel slight curves, and are campto- 
drome in the marginal region. ‘Tertiaries obsolete. 

This genus, which has well characterized leaves, has seldom been 
recognized in the fossil state. One species? is not uncommon in the 
lower Eocene of the Mississippi embayment, and Ettingshausen ? 
has recorded, but not described, a second species from the Ypresian 
of Alum Bay, England. 

The existing species number between 25 and 380 and are exclusively 
American, ranging from Mexico and the Antilles throughout Central 
and northern South America to the Peruvian tropics. 

The present fossil species is not unlike Hzraea wilcoxiana Berry? 
from the lower Eocene of Tennessee and is closely comparable with 
the existing Hiraea chrysophylla Jussieu of the northern coastal re- 
gion of South America. 

Occurrence.—Caimito formation 7 miles northeast of Bejuca 
(U.S.G.S. station 6840). Collected by D. F. MacDonald. 

Type.—Cat. No. 35313, U.S.N.M. 


Genus BANISTERIA Linnaeus. 
BANISTERIA PRAENUNTIA, new species. 
Plate 17, fig. 2. 
Description.—Leaves of medium size, broadly ovate in general out- 
line, with an abruptly acuminate tip and a broad rounded or cuneate 
base. Length about 8cm. Maximum width, at or slightly above the 


1 Berry, EH. W., U. S. Geol. Survey Prof. Paper 91, p. 257, pl. 57, fig. 8; pl. 109, fig. 6, 
1916. 

2 Httingshausen, C. von, Roy. Soc. London Proc., vol. 30, p. 235, 1880. 

3U. 8S. Geol. Survey Prof. Paper 91, p. 257. 


36 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


middle, about 5cm. Margins entire, full and rather evenly rounded. 
Petiolar character unknown. Midrib of medium size, uncharacteris- 
tic. Secondaries thin, seven or eight opposite to alternate pairs di- 
verge from the midrib at regular intervals at angles varying from 
45° in the upper part of the leaf to 55° in the basal part; they ascend 
in slight but subparallel curves increasing in intensity as they pro- 
ceed toward the margins with which they become subparallel and 
eventually camptodrome. ‘Tertiaries thin, mostly obsolete. Leaf 
substance thin but apparently of a somewhat coriaceous texture. 

The present species receives its name from its supposed praenuntial 
relationship to the existing Banisteria sinemariensis De Candolle, a 
form ranging from the West Indies to Brazil and whose somewhat 
variable leaves may be exactly matched by the fossil. 

The genus contains upward of eighty existing species, mostly 
climbing shrubs, confined to the American tropics and largely de- 
veloped in northern South America. Its geological history goes back 
to the Lower Eocene, a species having been described by Watelet from 
the Ypresian of the Paris basin and four homotaxial species, one 
based on seeds, having been described by the writer from the Wilcox 
group of the Mississippi embayment in Western Tennessee and Ken- 
tucky. Several additional fossil species have been described from 
the European Tertiary, from all of which the Panama fossil is 
conspicuously different, its major differential character being its 
relatively short and broad outline. 

A species based upon fruits has been described by Engelhardt* 
from the Tertiary of Ecuador. 

There are 5 species of Banisteria recorded by Hemsley from Cen- 
tral America, 3 of these in Panama, &. billbergiana Beurling on the 
seashore of the island of Manzafillo. ‘Two additional Panama spe- 
cies of Banisteria are referred to the allied genus Heteropterys Kunth 
by Hemsley. 

Occurrence.—Culebra formation. West wall of Gaillard Cut be- 
low Miraflores locks (collected by M. I. Goldman). Culebra forma- 
tion (lower). West wall of Canal opposite Culebra Railroad station. 
(Collected by D. F. MacDonald). 


Family HUPHORBIACEAE. 


Genus HIERONYMIA Allem. 
HIERONYMiIA LEHMANNI Engelhardt (?). 
Piate 16, fig. 3. 
Hieronymia lehmanni ENGELHARDT, Uber neue Tertiiirpflanzen Stid-Ameri- 
kas, Abh. Senck. Naturf. Gesell., vol. 19, p. 11, pl. 2, figs. 1, 2, 1895. 
Description.—Leaves broadly elliptical or somewhat deltoid and 
inequilateral in outline, with a shortly acuminate tip and broadly 


1 Engelhardt, H., Uber neue Tertilirpfianzen Siid-Amerikas, Abh. Senck. Naturf. Ge 
sellsch., vol. 19, p. 14, pl. 2, figs. 18, 19, 1895. 
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rounded full lower lateral margins and a very wide, somewhat ob- 
liquely truncated base. Length about 12 cm. Maximum width, in the 
lower half of the leaf, about 10cm. Margins entire, full, and rounded. 
Texture thin but coriaceous. Midrib stout, curved, prominent on the 
lower surface of the leaf. Secondaries stout, 10 or 11 irregularly 
spaced pairs, prominent on the lower surface of the leaf; they diverge 
from the midrib at wide angles which become more acute in the apical 
part of the leaf, those on the narrower side are more ascending and 
somewhat straighter than those on the wide side, all are conspicu- 
ously camptodrome at some distance from the margin. ‘Tertiaries 
thin, mostly percurrent. Areolation of small, isodiametric polygonal 
meshes, well marked on the under side of the leaf. 

This large leaf is unfortunately represented by fragmentary mate- 
rial from a single locality in the Caimito formation. In some 
respects its characters suggest a broad Ficus, but it seems clearly 
identical with the species described by Engelhardt? in 1895 from 
the Tertiary of Ecuador. I have, however, queried the determina- 
tion because of the broken character of the Panama material. In 
the illustration I have reconstructed a leaf from a combination of 
the Panama material with the more complete specimens figured 
by Engelhardt from Ecuador. The two largest fragments from 
Panama are indicated on the drawing by tinting. It is unfortunate 
for purposes of correlation that the present determination can not be 
conclusive, although in view of other similarities shown between 
the Oligocene plants of Panama and those from the Tertiary of 
Ecuador, I am disposed to regard the present determination as 
fairly satisfactory. 

The genus Hieronymia comprises about a dozen existing species 
of shrubs and trees confined to tropical America and rather widely 
distributed from Mexico to Brazil as well as in the West Indies. 

Occurrence.—Caimito formation, 7 miles northeast of Bejuca 
(U.S.G.S. station No. 6840). (Collected by D. F. MacDonald.) 

Collection —U. S. National Museum, Cat. No. 35314. 


Order SAPINDALES. 


Family SAPINDACEAE. 


Genus SCHMIDELIA Linnaeus. 
SCHMIDELIA BEJUCENSIS, new species. 
Plate 17, fig. 4. 
Description.—Leaf or leaflet elongate elliptic in outline, inequi- 


lateral. Apex and tip equally and blunily pointed inequilateral. 
Margins entire. Texture coriaceous. Length about 11 cm. Maxi- 


i1tjber neue Tertiiirpflanzen Siid-Amerikas, vol. 19, p. 11, 1895. 
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mum width, midway between the apex and the base, about 4.5 cm. 
Width on one side of the midrib 21.5 mm., on opposite side 24 mm. 
Petiole missing. Midrib flexuous, stout, and prominent. Secondaries 
stout, regularly spaced, mostly immersed, about 7 alternate pairs 
diverge from the midrib at angles of about 50°, curving upward 
subparallel and camptodrome in the marginal region. Tertiaries 
mostly obsolete, a few percurrent ones seen. 

This large and striking leaf is referred to the sapindaceous genus 
Schmidelia, which comprises about 100 existing species of the equa- 
torial regions of both hemispheres with unifoliate or palmately com- 
pound leaves. About half of the species are American where they 
are confined to the Antilles, Central, and tropical South America. 
They are sometimes referred to the genus Allophylus Linnaeus (as 
by Radlkofer) and with the exception of this genus all of the mem- 
bers of the tribe Thouinieae are confined to America. Fossil repre- 
sentatives have been unknown except for the petrified wood from 
the Oligocene of the island of Antigua which Felix described as 
Schmideliopsis.? 

Occurrence.—Culebra formation. East wall of Gaillard Cut Just 
north of station 1760 (collected by M. I. Goldman). 

Caimito formation, 7 miles northeast of Bejuca (U.S.G.S. 6840). 
Collected by D. F. MacDonald.) 

Type.—Cat. No. 35315, U.S.N.M. 


Order THY MELEALES. 
Family LAURACEAE. 


Genus MESPILODAPHNE Nees. 
MESPILODAPHNE CULEBRENSIS, new species. 
Plate 17, fig. 3 


Description.—Leaves lanceolate-falcate in general outline, with 
acuminate apex and base. Margins entire. Texture subcoriaceous. 
Length about 10 cm. Maximum width, in the middle part of the 
leaf, about 2.5 cm. Petiole missing. Midrib stout, curved, prominent 
on the under surface of the leaf. Secondaries stout, remote, regu- 
larly spaced, nine or ten subopposite to alternate pairs, they diverge 
from the midrib at angles of about 65 degrees and are conspicuously 
camptodrome close to the margins. Tertiaries obscured by the poor 
preservation of the material. 

The present species resembles numerous existing and fossil species 
of Lauraceae, from all of which, however, it appears distinct. It is 
similar to Wespilodaphne columbiana Berry of the Upper Claiborne 
of the Mississippi embayment, but is a stouter, more falcate, shorter, 
and less acuminate form. 


1 Felix, J., Die fossile Hélzer Westindiens, p. 16, pl. 2, figs. 6, S, 1883. 
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The modern species of Mespilodaphne are numerous, inhabiting 
Africa and tropical America, and are often united with Oreodaphne 
and Strychnodaphne to form the composite genus Ocotea of Aublet. 
Their fossil history is almost entirely lost in the multitude of species 
that have been referred to the form genera Laurus and Laurophyl- 
lum. Mespilodaphne is abundant and varied throughout the Eocene 
and Oligocene of the Mississippi embayment area. 

Occurrence——Culebra formation, upper part. East wall of the 
Gaillard Cut just north of Canal Zone station 1760. (Collected by 
M. I. Goldman.) 


Order MYRTALES. 


Family MYRTACEAE. 
Genus CALYPTRANTHES Swartz. 
CALYPTRANTHES GATUNENSIS, new species. 
Plate 18, fig. 1. 


Description.—Leaves broadly oblong-elliptic in general outline, 
widest in the middle and tapering equally in both directions to the 
abruptly acute apex and base. Margins entire. Texture subcoria- 
ceous. Length between 7 cm. and 8 cm. Maximum width between 
3.5 cm. and 4cm. Petiole missing. Midrib stout, somewhat curved, 
prominent on the lower surface of the leaf. Secondaries thin, very 
numerous, and close set, often inosculating by forking; they diverge 
from the midrib at angles averaging about 70 degrees, at intervals 
of 1 mm. to 3 mm., pursue a but slightly curved outwardly ascending 
course and have their ends united by an acrodrome vein on each 
edge of the lamina parallel with and from 1 mm. to 2 mm. within 
the margin. Tertiaries forming open isodiametric polygonal meshes. 

The present well-marked species closely resembles the only other 
named fossil form Calyptranthes eocenica Berry from the lower 
Eocene of the Mississippi embayment (Wilcox Group). It may also 
be compared with the slightly smaller Myrtus rectinervis described 
by Saporta! from the Sannoisian of southeastern France. 

The genus Calyptranthes, which is exclusively American in the 
existing flora, has about seventy species ranging from Mexico and 
the West Indies to southern Brazil. There is-a strong generic like- 
ness between the leaves of all of the species. Calyptranthes zyzygium 
De Candolle may be mentioned, among others, as a form with leaves 
almost exactly like the fossil. There is also a marked family resem- 
blance to some of the existing tropical American species of Hugenia, 
and more especially Myrcia, Myrcia multiflora De Candolle from 
the Guianas being very similar to the present species. 


1 Saporta, Hiudes, vol. 1, p. 251, pl. 11, fig. 5, 1863. 
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Hemsley records 7 existing species of Calyptranthes from Central 
America, two of which occur in Panama. 

Occurrence.—Gatun formation, Gatun Borrow Pits. (Collected 
by M. I. Goldman.) 


Family MELASTOMATACEAE. 
Genus MELASTOMITES Unger. 
MELASTOMITES MICONIOIDES, new species. 
Plate 18, fig. 2. 


Description.—Leaf oblong-elliptic in outline, of relatively small 
size, with an equally and bluntly pointed apex and base. Length 
about 6 cm. Maximum width, in the middle part, about 2.25 cm. 
Margins entire. Texture subcoriaceous. Petiole short and stout. 
Midrib stout and prominent. Lateral primaries stout, prominent, 
diverging from the midrib at an acute angle just above the base 
and acrodrome. From the disposition of the outwardly directed 
nervilles from the primaries it is probable that subordinate acro- 
drome primaries constitute an infra marginal vein on each side, but 
these can not be made out. Close-set subparallel nervilles run trans- 
versely between the midrib and the primaries. 

This species is represented by a small amount of fragmentary 
material, too poor to permit definite generic determination. It is, 
therefore, referred to the form-genus M/alastomites proposed by Un- 
ger for generically undeterminable leaves of the Melastomataceae. 
While the fossil somewhat suggests the leaves of various Lauraceous 
genera, such as Cinnamomum, Camphoromaea, Goeppertia, and 
Cryptocarya, its characters are clearly those of the Melastomataceae. 
It particularly suggests the genus 7ibouchina Aublet, which has up- 
ward of 200 species of shrubs and undershrubs in tropical America. 

The family Melastomataceae is a relatively large one, with about 
150 genera and over three thousand species. It is almost strictly 
tropical, although some members range southward to 40° south lati- 
tude. This great family is typically American, seven of the fifteen 
tribes into which it is divided being confined to tropical America, 
and about 2,500 of the existing species being also endemic in this 
region. While the geologic history of this vast assemblage of forms 
is practically unknown, there is no evidence to disprove the theory 
that it, like the allied families Combretaceae and Myrtaceae, had its 
origin in that most prolific region—the American tropics. 

The few fossil forms that have been found, including leaves, flow- 
ers, and calices, have been referred to the form-genus /elastomites 
first proposed by Unger. A doubtfully determined species, which 
probably belongs to the Lauraceae, has been recorded from the Up- 
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per Cretaceous of Westphalia. The only known Eocene species is 
the well-marked form present in the lower Eocene of the Mississippi 
embayment region (Wilcox Group.) Four Oligocene species have 
been described from Bohemia, Styria, and Egypt; four Miocene 
species from Switzerland, Prussia, and Croatia; and a Pliocene 
species from Italy. 

Occurrence.—Culebra formation, upper part. East wall of Gail- 
lard Cut just north of Canal Zone station 1760. (Collected by M. TI. 
Goldman.) 


Order EBENALES. 
Family EBENACEAE. 
Genus DISOPYROS Linnaeus. 
DIOSPYROS MACDONALDI, new species. 
Plate 18, figs. 4-8. 


Description.—Globose berry-like fruits of small size and consider- 
able consistency, possibly preserved in an unripe state since the flesh 
is stringy and with a great many tannin cells. The great abundance 
of these fruits in the andesitic tuffs makes it seem more probable, 
however, that they are mature, particularly as some are greatly flat- 
tened. The numerous elongated pendulous seeds and the amount of 
vascular fibers in the flesh would tend te prevent much compression 
in a certain number of cases. Diameter 12 to 15 mm. Flesh hard, 
very tanniferous, and with numerous fibers. Seeds 8 to 10 in number, 
oblong, elliptical, compressed, with a hard seed coat. The interior 
of the seeds is filled with amorphous silica and fails to show any 
structure. Seeds about 7.5 mm. long, averaging 3 mm. high and 1 
mm. to 2 mm. thick, very unequally developed, one to three usually 
more or less abortive. Peduncle not preserved, nor do any of the 
specimens show the calyx. 

These seeds are exceedingly abundant and more or less perfectly 
silicified, the flesh being dark brown and the seeds white, making 
very striking objects. They are clearly referable to Diospyros and 
so far as I know represent the only known petrified fruits of this 
genus, although the persistent calices are not uncommon as impres- 
sions from the Upper Cretaceous onward. The modern species have 
from 4 to 12 compressed seeds which tend to become less numerous 
with the increase in the fleshy part of the fruit, so that possibly these 
more consistent and prevailingly 10-seeded fossil fruits may represent 
an earlier stage in their evolution, although this seems doubtful 
since the calyx of a very large fruited form is known from the Upper 
Kocene of southwestern Texas. 
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Diospyros is cosmopolitan in the existing flora with about 180 
species in the warmer regions of both hemispheres. Mostly Oriental, 
but not uncommon in the southern United States, Antilles, and from 
Mexico through tropical South America. Upward of 100 fossil spe- 
cies are known ranging in age from the Upper Cretaceous to the 
present. 
Occurrence.—Section near mouth of Tonosi River, in deposits of 
Eocene age (MacDonald). 
Type.—Cat. No. 35316, U.S.N.M. 


Order RUBIALES. 
Family RUBIACEAE. 
Genus RONDELETIA Plumier. 
RONDELETIA GOLDMANI, new species. 
Plate 18, fig. 3. 


Description.—Leaves lanceolate in outline, somewhat falcate and 
inequilateral, with an equally acuminate apex and base. Length be- 
tween 12 cm. and 13cm. Maximum width, midway between the apex 
and the base, about 3 cm., 13.5 mm. on the concave side and 15.5 mm. 
on the convex side. Margins entire. Texture coriaceous. Petiole 
short and stout, expanded proximad, about 5 mm. long. Midrib 
curved, stout, and prominent. Secondaries thin, numerous, suboppo- 
site to alternate, rather regularly spaced; about 15 pairs diverge from 
the midrib at angles of about 45° and ascend in rather flat but regular 
and subparallel curves and are camptodrome in the marginal region. 
Tertiaries obsolete. 

This well-marked species is referred to the subfamily Cinchonoideae 
and tribe Rondeletieae and seems to indicate an Oligocene species of 
Yrondeletia, 2 genus of shrubs and trees confined to tropical America 
and not heretofore found fossil. Rondeletia has about 70 existing spe- 
cies, a few of which occur in northern South America, but the ma- 
jority are confined to the Antilles (45 species) and Central America 
(24 species).1. The present species may be compared with the exist- 
ing leondeletia racemosa Swartz of Jamaica, and with other Antillean 
and Central American forms. ‘More remote comparisons may be 
made with certain species of Psychotria, as, for example, Psychotria 
barbifiora De Candolle of Brazil, and with the genus Tapiria Jus- 
sieu of the Anacardiaceae, a fossil species of which, Tapiria lanceo- 
lata, has been described by Engelhardt? from the Tertiary of Ecua- 


1 Britton records 35 species from Cuba. Bull. Torrey Bot. Club, vol. 44, pp. 20-30, 1917. 
2 Engelhardt, H., Uber neue Tertiirpflanzen Siid-Amerikas, Abh. Senck. Naturf. Gesell., 
vol. 19, p. 15, pl. 9, fig. 4, 1895. 
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dor. Another fossil species somewhat resembling the Panama form 
is Cinchonidium multinerve described by Ettingshausen’ from the 
Tertiary of Priesen, Bohemia. 

Named in honor of Dr. Marcus I. Goldman, who collected it while 
a Fellow at the Johns Hopkins University. 

Occurrence.—Gatun formation, Gatun Borrow Pits. (Collected by 
M. I. Goldman.) 


Genus RUBIACITES Weber. 
RUBIACITES IXOREOIDES, new species. 


Plate 18, figs. 9-12. 


Description.—Fruit bilocular, indehiscent or tardily dehiscent, 
ligneous, capsular-like. Form a prolate spheroid 2.7 cm. long and 2 
em. in diameter. The surface roughened by small tuberculations and 
pits. Walls about 2 mm. thick. Median partition thin. Seeds one 
in each cell, suspended, e!liptical in both transverse and longitudinal 
sections, compressed along the central partition. Surface striate. 
Endosperm not ruminating. One seed is more fully developed than 
the other. The larger is about 2 cm. long, 1.4 cm. wide and 9 mm. 
thick. 

This well marked form is unfortunately represented by but a single 
specimen which however shows most of the cavity occupied by the 
fruit, the two contained seeds partially petrified and the lignified wall 
and part of the partition. The accompanying illustrations show the 
external appearance of the fruit (fig. 9) and a side view showing the 
relative development of the two seeds (fig. 10). Figure 12 shows a 
Ngnified end of the fruit with the median partition and figure 11 
ig a side view with the smaller seed in front and the larger forming 
the background. So far as I know nothing like it has previously 
been found fossil. 

There seems to be no question but that the present fruit represents 
some Oligocene species of Rubiaceae and it is consequently referred 
to the form-genus Rubiacites proposed by Weber, although probably 
not congeneric with the previously described fossil species of Rubia- 
cites. The fruits of this large family exhibit considerable variety 
being either capsular, achene-like or drupaceous. Without a much 
larger amount of recent comparative material than is available it is 
not possible to definitely fix the botanical relation of the present 
species which, however, appears to be referable to the tribe Ixoreae or 
the Psychotrieae. The specific name chosen suggests a resemblance 
to the fruits of /vora Linnaeus, a genus with over 100 species of 


1 Ettingshausen, C. von, Die Fossile Flora des Tertiir-Beckens yon Bilin, Theil 2, p. 208, 
pl. 36, fig. 5, 1868. 
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shrubs and small trees found in the tropics of both hemispheres but 
chiefly Asiatic. 

Occurrence—Gatun formation. Gatun Borrow Pits. (Collected 
by M. I. Goldman.) 


EXPLANATION OF PLATES. 
PLATE 12. 


Palmoxylon palmacites (Sprengel) Stenzel. Cucuracha formation. 
Fig. 1. Showing abundance of fibrovascular bundles and gum cells. X20. 


PLATE 13. 


Fie. 1. Ficus culebrensis Berry. Culebra formation. 
2. Guatteria culebrensis Berry. Culebra formation. 
3. Myristicophyllum panamense Berry. Culebra formation. 


Pruate 14, 


Taenioxylon multiradiatum Felix. Culebra formation. 
Fic. 1. Transverse section. X25. 


2. Same. X200. 
Prate 15. 


Taenioxylon multiradiatum Felix. Culebra formation. 
Fie. 1. Radial section. 200. 
2. Tangential section. 200. 


PLATE 16. 


Fic. 1. Cassia culebrensis Berry. Culebra formation. 
2. Inga oligocaenica Berry. Culebra formation. 
3. Hieronymia lehmanni Engelhardt (?). Caimito formation. 


PLATE 17. 


Fic. 1. Hiraea oligocaenica Berry. Caimito formation. 
. Banisteria praenuntia Berry. Culebra formation. 
. Mespilodaphne culebrensis Berry. Culebra formation. 


. Schmidelia bejucensis Berry. Caimito formation. 


me oo DD EE 


PLATE 18. 


Fic. 1. Calyptranthes gatunensis Berry. Gatun formation. 
2. Melastomites miconioides Berry. Culebra formation. 
3. Rondeletia goldmani Berry. Gatun formation. 
4-8. Diosypros macdonaldi Berry. Hocene (?). 
4. Showing abundance of fruits in tuffs. 
5, 7,8. Transverse median sections of fruits. 
6. Longitudinal median section of fruit. 
9-12. Rubiacites ixoreoides Berry. Gatun formation. 
9. External appearance. 
10. Median longitudinal section showing unequally developed seeds. 
11. Side view of seeds. 
12. Lignified fragment showing end walls and partition. 
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PALMOXYLON PALMACITES (SPRENGEL) STENZEL. 


FOR EXPLANATION OF PLATE SEE PAGE 44. 
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FossiL DICOTYLEDONOUS LEAVES. 


FoR EXPLANATION OF PLATE SEE PAGE 44. 
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TAENIOXYLON MULTIRADIATUM FELIX. 
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Fossit DICOTYLEDONOUS LEAVES. 


FOR EXPLANATION OF PLATE SEE PAGE 44. 
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Fossit DICOTYLEDONOUS LEAVES. 
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FossiL LEAVES, FRUITS, AND SEEDS. 


FoR EXPLANATION OF PLATE SEE PAGE 44. 
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THE SMALLER FOSSIL FORAMINIFERA OF THE 
PANAMA CANAL ZONE. 


By JoserH AucustTINE CUSHMAN, 
Of the United States Geological Survey. 


INTRODUCTION. 


The collection of fossil foraminifera included in this report were 
sent to the writer by the United States Geological Survey. It con- 
sists almost entirely of material collected by Messrs. D. F. Mac- 
Donald and T. Wayland Vaughan in 1911, to whom I am indebted 
for data as to the geological correlation. The names applied to the 
geologic formations are those used in MacDonald’s “Sedimentary 
formations of the Panama Canal Zone, with special reference to the 
stratigraphic relations of the fossiliferous beds,” which appears in 
the latter part of this volume. Where former-correlation has seemed 
not to apply to the foraminifera, especially those of three stations, 
60338¢, 6035, and 6036a, discussion of the data obtained from the 
foraminifera is given in detail later. 

The orbitoids and nummulites are both well represented in the 
collection, but as these require special study in connection with those 
of the Coastal Plain and of the West Indian region it seems ad- 
visable to treat them in a separate paper which immediately follows 
the present one. 

The following data are given for only the stations from which 
foraminifera were obtained and which are recorded in this paper. 


LIST OF MATERIAL. 


US.GS. station 6009.—Oligocene—Culebra formation (upper part). 
From section in Canal cut 600 feet south of Miraflores Locks. 
Dark, soft, fairly well laminated clay rock. 

Few foraminifera and rather poorly preserved. 

6010.—Oligocene—Culebra formation (lower part). 

From section—Pedro Miguel Locks to Paraiso Bridge. 

Dark, well laminated, very soft, carbonaceous clay rocks. 

Foraminifera in fairly good numbers and a rather varied assort- 
ment; mostly stained black, except certain of the Miliolidae, 
which still keep their calcareous tests more or less in their 
original condition. 
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6012.—Oligocene—Culebra formation. 
From section—west side of Gaillard Cut. 
a. Dark, well laminated soft and very friable carbonaceous shale. 
Few foraminifera—some glauconitic, others well preserved. 
c. From a lens of sandy limestone 5 feet thick. 
Few foraminifera—some stained, some groan) rather poorly 
preserved as to details. 
d. From lenses of limy sandstone at base of gravel, 3 feet thick. 
Few foraminifera and these poorly preserved. 
6015.—Olugocene—Emperador limestone. 
From old quarry, one-fourth mile north of west from Empire. 
Cream-colored, coral limestone. 
Few foraminifera. 
6016.—Oligocene—E mperador limestone. 
From old quarry, one-third mile north of west of Empire. 
Few poorly preserved foraminifera. 
6019. Section on west side of Gaillard Cut near Las Cascadas. 
a-f. Oligocene—Culebra formation. 
a. Grayish, rather nodular, impure limestone. 
Foraminifera few and poor. 


6. Dark, well stratified, very friable, tufaceous material. 
Foraminifera few and poor except Orbztolites, which are large 
and fine. 


ce. Grayish, well stratified, very friable, tufaceous sandstone. 

Few casts of foraminifera and central portions of orbitoids. 

d. Grayish-green, limy, tufaceous sandstone. 

Very few foraminifera, poor specimens. 

e. Thin-bedded, light gray to cream-colored, limy sandstone with 
some partings of light-colored clay. - 

orbitoids and Orbitolites? only. 

jf. Dark, very friable shales and tuffs. 

Foraminifera fairly common, some well preserved, others glau- 
conitic. 

g. Oligocene—Emperador limestone. 

Light gray to yellowish gray, somewhat sandy limestone. 

Some orbitoids and Orbitolites? but little else in the way of 
foraminifera. 

6020.—Oligocene—Culebra formation. 

Same locality as 6019. 

a-c. Dark-gray carbonaceous clays, friable shales and tuffs. 

a. Foraminifera numerous but of few species, mostly glauconitic, 
at least in part. 

c. A few Orbitolites in the coralliferous layer. 
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6024.—Section in railway cuts near New Frijoles. 
a. Oligocene—Culebra formation. 
Dark, basic, orbitoidal, tufaceous material. 
Many worn central portions of Orbitoids and a very few other 
foraminifera poorly preserved. 

6025.—Oligocene—Culebra formation (upper part). 

About 200 yards south of southern end of switch at Bohio 
Ridge station relocated hne Panama Railroad. 

Contains a number of species of foraminifera but for the most 
part broken or poorly preserved. 

6026.—Two miles south of Monte Lirto. 

Somewhat coarse-grained sandstone. 
Few poor specimens of foraminifera. 

6029.— Section one-half mile from Camp Cotton, toward Monte Lirio, 

at big curve on railroad. Miocene—Gatun formation. 
a. Bluish, fossiliferous argillite. 
Very few foraminifera. 
6. Bluish argillite. 
Few foraminifera, but considerably more than in a. 
ce. Bluish, fossiliferous argillite. 
Very few poor specimens 07 Amphistegina. 

6030.—Railroad cut north side of Big Swamp, one and one-half miles 

north of Monte Lirio. Miocene—Gaiun formation. 
Bluish gray, argillaceous beds. 
The only foraminifera consisted of a single specimen of 7’rilo- 
culina. 

6031.—Section in cut one-half mile west of Camp Cotton toward 

Gatun. Miocene—Gatun formation. 
Conglomerate bed and sandy marl 1 foot above. 
A few poorly preserved specimens of Yuinqueloculina were the 
only foraminifera. 

6033.— Generalized section of the bluffs exposed along the Panama 
Railroad, relocated line, about 3,500 feet south of Gatun Railroad 
Station. Miocene Gatun—formation. 

c. Dark-colored, marly, fossiliferous clay. 
Rich in foraminifera, eepuclalie in specimens: A fair number 
of species, well preserved. 

6035.—Vicinity of Mindi Hill. Miocene—Gatun formation. 

Gray-green, fine grained sandy shell marl. 
Very fine-grained material, but with numerous species and speci- 
mens of foraminifera representing an off-shore assemblage. 

6036.— Monkey Hill, Mount Hope Station. Miocene—Gatun for- 
mation. 

Dark-colored, fine grained, sandy clay marl. 
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Specimens of foraminifera numerous and well preserved, rep- 
resenting an off-shore assemblage comparable to 6035. 

5850.—Near Mount Hope—Pleistocene. 

Loose shells and marl obtained from ditch through swampy 
ground about one-fourth mile from present sea beach and 
about 6 to 8 feet above high tide. 

Contains a few foraminifera of common shallow water, tropical 
species. 

The geological position of certain material from near the Atlantic 
end of the canal seems from the evidence of the contained foramin- 
fera to be younger than the position previously assigned to it—the 
upper Oligocene. By a reference to the table of distribution it will 
be noted that the great majority of the species occurring at the sta- 
tions in question; 6533¢, 6035, and 6036, do not occur in the ma- 
terial of definitely Oligocene age. Im such cases as that of Cristel- 
laria rotulata there is a slight difference in the specimens from these 
stations and those from the Pacific side, 6010, 6012a, 6012c¢, but the 
specimens at the latter stations were in small quantity, and the dif- 
ferences could not be made use of, mainly from lack of a sufficient 
number of specimens. In the case of Cristellaria vaughani this 
seems to be a well-characterized species occurring at several stations, 
but even in it there are very minor differences. Among the species 
of Globigerina, the more generalized species such as G. bulloides, 
which has a very wide geological range, occur more or less constantly . 
throughout the collections, but the strongest evidence comes from 
the last three species and Orbulina, which are very rarely found 
fossil, and then only in the very latest tertiary. These were well 
characterized species, the specimens are very clean and complete, and 
resemble a modern Globigerina ooze of considerable depth. The 
three species of Pulvinulina also occur nowhere but at these stations. 
Pulvinulina concentrica is essentially a recent species and P. me- 
nardi is characteristic of modern Globigerina ooze. Sigmoilina 
tenus and S. asperula are also speces of recent Globigerina ooze of 
moderate depths. On the other hand, the lack of certain things is 
also significant. Amphistegina, which occurs more or less regularly 
in the other portion of the material, is entirely wanting in the three 
Pacific stations, 6033¢, 6035, and 6036. Polystomella also does not 
occur. Both the last two genera are very characteristic of the 
coastal plain Oligocene of the United States. It may be argued in 
this case, however, that the stations were originally too far from 
shore to have these genera which are more characteristic of shallow 
littoral conditions. 

On the whole, the foraminifera bear out the geological determina- 
tions based upon the other groups of organisms. 
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DESCRIPTIONS OF SPECIES. 
Family TEXTULARIIDAE. 
Genus TEXTULARIA Defrance, 1824. 
TEXTULARIA ABBREVIATA d’Orbigny. 
Plate 19, fig. 1. 


Textularia abbreviata D’'ORBIGNY, Foram. Foss. Bass. Tert. Vienne, 1846, 
p. 249, pl. 15, figs. 9-12 (7-12). 

Description—tTest broad and short, somewhat compressed, cham- 
bers comparatively few in number, broad near the center and taper- 
ing to the periphery, sutures in these specimens indistinct, aperture 
an arched slit extending nearly across the test, wall comparatively 
smooth. 

Length 0.65 mm., breadth about 1mm. Cat. No. 324608, U.S.N.M. 

Specimens from U.S.G.S. No. 6010, from the Culebra formation, 
dark clay north of Pedro Miguel Locks. Apparently the material 
is rather metamorphosed and move or less glauconitic so that little 
of the original test is preserved. This is a rather common Tertiary 
species. 


TEXTULARIA SAGITTULA Defrance. 


1) 


Plate 19, fig. 


Texiularia sagittula DEFRANCE, Dict. Sci. Nat., vol. 32, 1824, p. 177; vol. 53, 
1828, p. 344; Atlas, Conch., pl. 13, fig. 5. 

Description.—Test elongate, tapering, much compressed especially 
at sides, chambers numerous, sutures indistinct, aperture a curved 
slit occupying about one-half the width of the base of the chamber. 

Length about 1.5 mm., breadth 1 mm. Cat. No. 324609, U.S.N.M. 

A few poorly preserved specimens from U.S.G.S. No. 6025, from 
the Culebra formation, foraminiferal marl and coarse sandstone 
about 200 yards south of southern end of switch at Bohio Ridge 
station, relocated line, Panama Railroad. 

Although this material is more or less glauconitic and poorly pre- 
served the three specimens, one of which is here figured, are referred 
with a reasonable degree of certainty to this species. 

A single fragmentary specimen from U.S.G.S. No. 6026, from the 
Culebra formation, coarse, sandy foraminiferal marl about half way 
between Monte Lirio and Bohio Ridge, relocated line, Panama Rail- 
road, seems also to be this species. 
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TEXTULARIA AGGLUTINANS d@Orbigny. 
Plate 19, fig. 3. 


Textularia agglutinans p’ORBIGNY, in De la Sagra, Hist. Fis. Pol. Nat. 
Cuba, 1839, “ Foraminiféres,” p. 136, pl. 1, figs. 17, 18, 32-34. 
Description.—Test elongate, tapering, but slightly compressed lat- 
erally, chambers high, sutures deep, outline sinuous, end view broadly 
elliptical, wall composed of rather coarse agglutinated material, 
aperture a narrow slit a little more than half the width of the base 


of the chamber. 
Length 1.28 mm., breadth 0.65 mm. Cat. No. 324610, U.S.N.M. 


A single specimen here figured seems referable to this species. It 
is from U.S.G.S. No. 6019-7, from the uppermost bed of the Culebra 
formation, the lower limestone of the Las Cascadas section, opposite 
Las Cascadas, Gaillard Cut. Although not so rounded in end view 
as this species usually is in recent specimens, the general characters, 
wall structure, high rotund chambers and lobulated outline seem to 
place it here. 

TEXTULARIA LAMINATA, new species. 


Plate 19, fig. 4. 

Description—Test elongate, cuneate, tapering from the widest 
part near the apertural end, gradually and evenly to the initial end 
which is subacute, median line raised thence tapering rapidly toward 
the periphery which is thin and extends out into a lamella-like 
border, chambers numerous, wide and low, sutural lines raised, some- 

what curved backward; border irregular, wall finely arenaceous; 
aperture indistinct. 

Length 2 mm., breadth 1.2 mm. 

Specimen figured from U.S8.G.S. No. 6010, from lower part of the 
Culebra formation, dark clay north of Pedro Miguel Locks. Speci- 
men rather better preserved than most from this station. The end 
view of this specimen is mainly rhomboidal with the bordering 
carina extending outward in a thin carina. It is in some ways sug- 
gestive of Textularia carinata but differs in many respects from 
that species which is also figured on plate 19, fig. 6. 

Type-specimen.—Cat. No. 324611, U.S.N.M. 


TEXTULARIA SUBAGGLUTINANS, new species. 


Plate 19, fig. 5. 


Description.—Test subrhomboidal in front view tapering from the 
middle toward either end, in end view oblong, sides truncated ; cham- 
bers comparatively few, somewhat inflated, sutures conspicuously de- 
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pressed, wall composed of rather coarse arenaceous material, aper- 
ture extending into the base of the chamber in a narrow rounded 
opening deeper than wide. 

Length 1.3 mm., breadth 0.85 mm. 

This species was fairly common from U.S.G.S. No. 6033¢, the 
Gatun formation, in marl from second bed from bottom, just below 
lower clay, Gatun section, relocated line Panama Railroad. 

This species may be distinguished from Z'extularia agglutinans by 
the truncated sides, the oblong end view and especially by the deep, 
narrow aperture. 

Type specimen.—Cat. No. 324612, U.S.N.M. 


TEXTULARIA CARINATA d’Orbigny. 


Flare; toy ne. 16: 
Tertularia carinata D’ORBIGNyY, Ann. Sci. Nat., vol. 7, 1826, p. 263, No. 23; 
Yoram Foss. Bass. Tert. Vienne, 1846, p. 247, pl. 14, figs. 82-34. 

Description—Test much compressed, rather abruptly tapering 
toward the initial end, sutures strongly limbate, in well-preserved 
specimens extending out from the periphery in angular spine-like 
projections, aperture narrow, elongate. 

Length 1 mm., breadth 0.65 mm. Cat. No. 324613, U.S.N.M. 

The only material of this species is from U.S.G.S. No. 6036, from 
the Gatun formation, a dark-colored, fine-grained, sandy clay marl 
from Monkey Hill, Mount Hope Station. It is very evidently this 
species and is well preserved. 


TEXTULARIA PANAMENSIS, new species. 


Plate 20, fig. 1. 


Description.—Test rhomboid in front view, very much compressed, 
in end view long and narrow, the faces nearly parallel, sides rounded ; 
composed of comparatively few chambers but variable; long and 
low, sutures somewhat depressed, wall rather coarsely arenaceous; 
aperture indistinct. 

Length 0.85 mm., breadth 0.65 mm. 

The figured specimen is from U.S.G.S. No. 6036, from the Gatun 
formation, a dark-colored, fine-grained sandy clay marl from Monkey 
Hill, Mount Hope Station. Specimens were common from U.S.G:S. 
No. 6033¢, in marl from second bed from bottom, just below lower 
clay, Gatun section, relocated Panama Railroad. 

This is a rather striking species, with its very flat, broad front 
view and very compressed character of the test. 

Type-specimen.—Cat. No. 824614, U.S.N.M. 
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Genus CHRYSALIDINA d’Orbigny, 1846. 
CHRYSALIDINA PULCHELLA, new species. 
Plate 20, fig. 2. 

Description.—Test elongate, gently tapering, broadest at the apical 
end; in end view triangular; early chambers triserial, later ones uni- 
serial; chambers in uniserial portion triangular, the sutures distinct, 
gently curved backward at the angles, outline more or less irregular, 
apertural face gently convex, with indications of numerous circular 
apertural openings, wall smooth. 

Length 0.5 mm., breadth 0.2 mm. 

This species occurred at U.S.G.S. No. 6036, the Gatun formation, 
in dark-colored, fine-grained, sandy clay marl, from Monkey Hill, 
Mount Hope Station. 

The species differs from the only known recent species, CArysa- 
lidina dimorpha, in the more tapering and elongate test, the greater 
irregularity of the contour and test in general and its generally less 
trim and neat appearance. The specimen figured is well preserved 
in its general characters, except those of the apertural face, which 
are somewhat obscured. 

Type-specimen.—Cat. No. 324615, U.S.N.M. 


Genus BOLIVINA @’Orbigny, 1826. 
BOLIVINA cf. B. PUNCTATA @’Orbigny. 
Plate 21, fig. 3. 

Bolivina punctata p’ORBIGNY, Voyage Amér. Mérid., vol. 5, pt. 5, ‘ Forami- 
niféres,” 1839, p. 63, pl. 8, figs. 10-12.—H. B. Brapy, Rep. Voy. Chal- 
lenger, Zoology, vol. 9, 1884, p. 417,- pl. 52, figs. 18, 19.—Frint, Ann. 
Rep. U. 8. Nat. Mus., 1897 (1899), p. 292, pl. 38, fig. 1. 

Description.—Test much elongate, sides nearly parallel, abruptly 
tapering at the initial end, chambers numerous, usually higher than 
broad, inflated, sutures distinct but slightly depressed; wall finely 
punctate, occasionally becoming slightly striate. 

Length 0.60 mm., breadth 0.15 mm. Cat. No. 3246162, b, U.S.N.M. 

Specimens which seem referable to this species were obtained at 
U.S.G.S. No. 6033c, Gatun formation, mar! from second bed from 
bottom, just below lower clay, Gatun section, relocated line Panama 
Railroad and 6035, Gatun formation, from gray green, fine grained, 
sandy shell marl, vicinity of Mindi Hill. There is a tendency for 
the specimens to take on a semi-striate appearance, an extreme form 
both in shape and striation shown in plate 21, figure 3. 

BOLIVINA AENARIENSIS (Costa). 
Plate 21, fig. 2. 

Brizalina aenariensis Costa, Atti Acad. Pontaniana, vol. 7, 1856, p. 297, pl. 
15 ho SPAN 

Bolivina aenariensis H. B. Brapy. Proc. Roy. Soc. Edinburgh, vol. 11, 1882, 
p. 711; Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 423, pl. 58, figs. 
10, 11. 
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Description.—Test much compressed, composed of numerous cham- 
bers about twice as broad as high, sutures distinct, slightly curved 
backward, chambers slightly inflated, especially in the center, test 
bordered by a narrow but distinct carina; surface smooth except for 
several longitudinal raised costae radiating from the initial end which 
carries also a short spine. 

Length 0.65 mm,, breadth 0.35 mm. Cat. No. 324617a, 6, U.S.N.M. 

A few specimens were obtained from U.S.G.S. No. 6033c, Gatun 
formation, in marl from second bed from bottom, just below lower 
clay, Gatun section, relocated line, Panama Railroad. 

While these specimens are not absolutely typical they undoubtedly 
belong to this species. 

Very typical specimens occur at U.S.G.S. No. 6036, Gatun forma- 
tion, in dark colored, fine grained, sandy clay marl, from Monkey 
Enll, Mount Hope Station. 


BOLIVINA ROBUSTA H. B. Brady. 


Plate 21, fig. 4. 


Bolivina robusta H. B. Brapy, Quart. Journ. Micr. Sci., vol. 21, 1881, p. 

57; Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 421, pl. 53, figs. 7-9. 
Description.—Test compressed, gradually tapering toward the 
apical end; chambers comparatively few; about twice as broad as 
high; sutures limbate, gently curved backward, often slightly lobu- 
lated or occasionally showing traces of reticulation on the surface, 

wall otherwise smooth but punctate, not spinose at the apical end. 

Length 0.45 mm., breadth 0.25 mm. Cat. No. 324618, U.S.N.M. 
These specimens, an extreme form of which is figured, are many of 
them very close to typical B. robusta which is at best either a variable 
species or one including more than one form. The sutures are 
usually limbate, as shown in some of Brady’s figures, but no apical 
spine is apparently in any of the specimens in this material. They 
were from U.S.G.S. No. 6035, Gatun formation, from gray green, 

fine grained, sandy shell marl, vicinity of Mindi Hill. 


BOLIVINA, species? 
Plate 21, fig. 1. 


This specimen is rather ill-defined and cannot be definitely deter- 
mined from the single example, the sutures are limbate as in Bo- 
liwina robusta Brady, but have apparently no secondary extensions 
as in that species. The whole specimen seems to be replaced. The 
specimen is from U.S.G.S. 6010, lower part of the Culebra formation, 
from dark clay north of Pedro Miguel Locks. Cat. No. 324619, 
U.S.N.M. 
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Genus BIGENERINA @’Orbigny, 1826. 
BIGENERINA NODOSARIA d@Orbigny. 


Plate 21, fig. 5. 


Bigenerina nodosaria D’ORBieny, Ann. Sci. Nat., vol. 7, 1826, p. 261, pl. 
11, figs. 9-11—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 
1884, p. 369, pl. 44, figs. 14-18. 


Description—Test elongate, subcylindrical, early portion consist- 
ing of a few chambers arranged as in 7’extularia, later ones uniserial, 
early portion tapering abruptly toward the apical end, wall coarsely 
arenaceous, sutures rather indistinct, aperture circular and central. 

Length 2 mm., breadth 0.8 mm. Cat. No. 324620, U.S.N.M. 

Several specimens in excellent condition were obtained from 
U.S.G.S. No. 6036, Gatun formation, in dark-colored, fine-grained, 
sandy clay marl from Monkey Hill, Mount Hope Station. 

These specimens, as in the one figured, have but a shght indication 
of the biserial chambers from the exterior, but otherwise seem to be 
typical. At first glance they might be taken for a species of 
Clavulina. | 

Genus GAUDRYINA @Orbigny, 1839. 


GAUDRYINA FLINTII Cushman. 


Plate 20, fig. 4. 
Gaudryina subrotundata Furnt (not G. subrotundata Schwager, 1866), 
Ann. Rep. U. 8. Nat. Mus., 1897 (1899), p. 287, pl. 33, fig. 1. 
Gaudryina flintii CusHMAN, Bull. 71, U. S. Nat. Mus., pt. 2, 1911, p. 63, 
fig. 102a—c. 

Description.—Test subconical, early portion rounded conical, trise- 
rial, later portion subcylindrical, biserial chambers of later portion 
nearly semicircular in transverse section, sutures distinct; wall are- 
naceous; aperture subcircular, at the base of the inner margin of the 
chamber. 

Length 1.20 mm., breadth 0.72 mm. Cat. No. 324621. 

A single specimen which seems to be close to recent specimens of 
this species was obtained from U.S.G.S. No. 6010, lower part of the 
Culebra formation, in dark clay, north of Pedro Miguel Locks. The 
specimen is somewhat glauconitic and certain of the details are more 
or less obscured. 


GAUDRYINA TRIANGULARIS Cushman. 


Plate 20, fig. 3. 


Gaudryina trianguiaris CusHMAN, Bull. 71, U. S. Nat. Mus., pt. 2, 1911, 
p. 65, figs. 104a-e. 


Description.—Test somewhat longer than broad, early portion tri- 
angular, the faces somewhat concave, triserial; later portion biserial, 
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rounded in transverse section; wall coarsely arenaceous, chambers 
comparatively few, sutures indistinct, aperture a narrow slit at the 
base of the inner margin of the last formed chamber. 

Length 1.7 mm., breadth 1.0 mm. Cat. No. 324622, U.S.N.M. 

A single specimen which seems to belong to this species was found 
in material from U.S.G.S. No. 6010, lower part of the Culebra forma- 
tion, in dark clay, north of Pedro Miguel Locks. The specimen, like 
many others from this station, is glauconitic and not well preserved 
in all its details. 


Genus CLAVULINA d’Orbigny, 1826. 
CLAVULINA PARISIENSIS d’Orbigny. 


Plate 20, fig. 5. 


Clavulina parisiensis D’ORBIGNY, Ann. Sci. Nat., vol. 7, 1826. p. 268.—H. B. 
Bravy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 395, pl. 48, figs. 
14-18, 

Description—Test elongate, subcylindrical, early portion conical, 
later portion gradually increasing in diameter toward the apertural 
end, chambers comparatively few, those of the uniserial portion cir- 
cular in cross section, wall coarsely arenaceous, somewhat rough; 
aperture circular, terminal. 

Length nearly 2mm., diameter 0.7mm. Cat. No. 324623, U.S.N.M. 

A single specimen representing this species was obtained in mate- 
rial from U.S.G.S. No. 6010, lower part of the Culebra formation, 
in dark clay north of Pedro Miguel Locks. Both this and the fol- 
lowing are common Tertiary species. 


CLAVULINA COMMUNIS d’Orbigny. 
Plate 20, fig. 6. 


Clavulina communis pD’ORBIGNY, Ann. Sci. Nat., vol. 7, 1826, p. 268; Foram. 
Foss. Bass. Tert. Vienne, 1846, p. 196, pl. 12, figs. 1, 2. 

Description.—Test very elongate, subcylindrical, circular in trans- 
verse section, early portion triserial, later portion uniserial, of rather 
uniform diameter, sutures more or less indistinct, wall smooth; aper- 
ture terminal. 

Length 2 mm., breadth 0.45 mm. Cat. No. 324624, U.S.N.M. 

A single specimen of this species occurred with the preceding, 
U.S.G.S. No. 6010, in the lower part of the Culebra formation. It 
is fragmentary but probably represents this species. 
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Genus VIRGULINA d’Orbigny, 1826. 
VIRGULINA SQUAMOSA d’Orbigny. 


Plate 21, fig. 6. 


Virgulina squamosa vD’OrBIGNY, Ann. Sci. Nat., vol. 7, 1826, p. 267.—CusH- 
MAN, Bull. 71, U. S. Nat. Mus., pt. 2, 1911, p. 91, fig. 145a, 0. 
Description.—Test elongate, tapering gradually to the apical end 
and again toward the apertural end, chambers comparatively few, 
inflated, sutures distinct, wall smooth, aperture a comma-like slit at 
the base of the last formed chamber. 
Length 0.7 mm., breadth 0.25 mm. Cat. No. 324625a, b,c, U.S.N.M. 
Specimens of this species occurred in the Gatun formation at the 
following three stations, U.S.G.S. No. 6033c, marl from second bed 
from bottom, just below lower clay, Gatun Section, relocated line 
Panama Railroad; U.S.G.S. No. 6035, in gray-green, fine-grained, 
sandy shell mar] vicinity of Mindi Hill, and U.S.G.S. No. 6036, in 
dark-colored fine-grained, sandy clay marl, at Monkey Hill, Mount 
Hope Station. 
At none of these stations were more than a few specimens found 
but all seem referable to this species. 


Family LAGENIDAE. 
Genus LAGENA Walker and Boys, 1784. 
LAGENA STRIATA (d’Orbigny), var. STRUMOSA Reuss. 
Plate 21, fig. 7. 


Lagena sirumosa Reuss, Zeitschr, geol. Ges., 1858, p. 484; Sitz, Akad. 
Wiss. Wien, vol. 46, pt. 1, 1862 (1868), p. 328, pl. 4, fig. 49. 

Lagena striata (D’ORBIGNY), var. strwmosa CUSHMAN, Bull. Ti, U. S. Nat. 
Mus., pt. 3, 1913, p. 20, pl. 7, figs. 7-10. 

Description.—tTest clavate or subglobular, the body portion orna- 
mented with numerous longitudinal raised costae, apical end with a 
single stout spine; neck short and stout, typically with a phialine lip 
and transverse costae. 

Diameter 0.5 mm. Cat. No. 324626, U.S.N.M. 

A single specimen of this variety was obtained in material from 
U.S.G.S. No. 6010, from the lower part of the Gatun formation, dark 
clay, north of Pedro Miguel Locks. This is the only representative 
of the genus in the whole series of samples examined. The speci- 
men lacks the neck except the base and the tip of the apical spine. 
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Genus NODOSARIA Lamarck, 1812. 
NODOSARIA COMMUNIS d’Orbigny. 


Plate 21, fig. 8. 


Nodesaria (Dentalina) communis D’ORBIGNY, Ann. Sci. Nat., vol. 7, 1826, 
p. 254, No. 35. 

Nodosaria communis Reuss, Verst. Bo6hm. Kreid., pt. 1, 1845. p. 28, pl. 12, 
fig. 21.—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 504, 
pl. 62, figs. 19-22. 

Description.—Test elongated, slender, gradually tapering, slightly 
curved, chambers slightly inflated in the middle, sutures distinct, 
slightly depressed, somewhat oblique; wall smooth. 

Length 2 mm.? Cat. No. 324627. 

A single fragment showing four chambers was obtained in material 
from U.S.G.S. No. 6036, Gatun formation, from dark-colored fine- 
grained, sandy clay marl at Monkey Hill, Mount Hope Station. The 
fragment with its general characters, its smooth surface, slightly 
inflated chambers and oblique sutures seem to clearly indicate this 
species. 

NODOSARIA INSECTA Schwager? 


Plate 21, fig. 9. 
Nodosaria insecta SCHWAGER, Novara Exped. Geol. Thiel., pt. 2, 1866, p. 224, 
pl. 5, figs. 52, 53. 

Description—Test elongate, gradually tapering from the nearly 
acute slender base to a broad apical end, which is the greatest in 
diameter of any of the chambers of the test; chambers numerous, 
inflated, nearly spherical, sutures much depressed; wall smooth, 
apertures with a slight neck and circular opening. 

Length 2.8mm. Cat. No. 324628a, b, U.S.N.M. 

Specimens were found in the lower part of Culebra formation both 
at U.S.G.S. No. 6010, in dark clay, north of Pedro Miguel Locks, 
and 6012a, from lower dark clay beneath lower conglomerate, one- 
fourth mile south of Empire Bridge. 

The specimens are very close to the species described by Schwager 
from the Tertiary of Kar Nicobar. The two forms, megalospheric 
and microspheric. occur in the Panamanian material, the latter being 
much more slender at the initial end than in the megalospheric. 


NODOSARIA RAPHANISTRUM (Linnaeus). 


Plate 21, fig. 10. 


Nautilus raphanistrum LINNAEUS, Syst. Nat., ed. 10, 1758, p. 710. 
Nodosaria raphanistrum Reuss, in Geinitz, Grundr. Verstein, 184546, p. 
653, pl. 24, fic. 6—Jonrs, Parker, and H. B. Brapy, Monogr. Pal. Soc., 
vol. 19, 1866, p. 50, pl. 1, figs. 6-8. 
8370°—18—Bull. 103——5 


60 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


Description.—Test elongate, subcylindrical, slightly tapering, 
chambers numerous, distinct, apertural end with a short tapering 
neck; wall ornamented with longitudinal costae continued clear to 
the aperture, about 12-15 in number. 

Length 4mm. Cat. No. 824629, U.S.N.M. 

A single specimen of this species figured here was obtained from 
U.S.G.S. No. 6010, lower part of the Culebra formation, in dark 
clay, north of Pedro Miguel Locks. The specimen is not complete 
at the initial end but the last six chambers including the aperture 
are very well preserved. 


NODOSARIA, species? 
Plate 21, fig. 11. 


A fragment consisting of one complete chamber and the adjacent 
parts of two others was found in the same material, U.S.G.S. No. 
6010, as the above but nearly twice the diameter. The costae are 
also more numerous. Without further material it is unsafe to try 
to determine the fragment, but the occurrence of another species at 
this station should be at least recorded. Cat. No. 624630, U.S.N.M. 


Genus CRISTELLARIA Lamarck, 1812. 
CRISTELLARIA ROTULATA (Lamarck). 
Plater 22 howls 


‘Cornu Hammonis seu Nautili’” PLancus, Conch. Min., 1739, p. 13, pl. 1, 
fig. I1f. 

Lentieulites rotulata LamMArcK, Ann. Mus., vol. 5, 1804, p. 188, No. 3; vol. 8, 
1806, pj. 62, fig. 11. 

Cristellaria rotulata D’ORBIGNY, Mem. Soc. Géol. France, ser. 1, vol. 4, 1840, 
p. 26, pl. 2, figs. 16-18 —H. B. Brapy, Rep. Voy. Challenger, Zoology, 
vol. 9, 1884, p. 547, pl. 69, figs. 18a, b. 

Description-—TYest comparatively large, biconvex, close coiled 
throughout, chambers variable in number in the coil, sutures distinct, 
periphery not lobulated, usually not keeled; previous apertures of 
the test usually visible as is often the preceding coil at least in part; 
wall smooth. 

Diameter up to2 mm. Cat. Nos. 324631a, b, c, d, e, U.S.N.M. 

This seems to be the commonest species in the Panamanian material. 
Tt differs slightly in form in the various stations but all may be 
grouped under this species. It occurred in two groups of stations 
as noted in the chart of distribution. They are as follows: Lower 
part of the Culebra formation at U.S.G.S. No. 6010, in dark clay, 
north of Pedro Miguel Locks; No. 6012a, in lower dark clay beneath 
lower conglomerate, one-fourth mile south of Empire Bridge. 
Gatun formation at U.S.G.S. No. 6033¢, in marl from second bed 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 61 


from bottom just below lower clay, Gatun section, relocated line 
Panama Railroad; No. 6035, in gray green, fine-grained, sandy shell 
marl, vicinity of Mindi Hill; and No. 6036 in dark-colored, fine- 
grained, sandy clay marl of Monkey Hill, Mount Hope Station. 


CRISTELLARIA ITALICA (Defrance). 


Saracenaria italica Drrrancr, Dict. Sci. Nat., vol. 32, 1824, p. 177: vol. 47, 
1827, p. 344; Atlas Conch., p!. 18, fig. 6. 

Cristellaria (Saracenaria) italica p’OrBieny, Ann. Sci. Nat., vol. 7, 1826, 
p. 298, No. 26; Modéles, Nos. 19 and 85. 

Cristellaria italica PARKER, JONES, and H. B. Brapy, Ann. Mag. Nat. Hist., 
ser. 3, vol. 16, 1865, pp. 21, 32, pl. 1, figs. 41, 42—H. B. Brapy, Rep. 
Voy. Challenger, Zoology, vol. 9, 1884, p. 544, pl. 68, figs. 17, 18, 20-23. 

Description —Test with the early portion close coiled, later por- 
tion more or less uncoiled, chambers numerous, those of the last- 
formed portion being triangular in cross section, periphery keeled, 
and the apertural face broad and flattened, the sides angled and ex- 
tending on either side to the keel in flat faces, sutures but slightly 
depressed, wall smooth ; apertures peripheral, radiate, usually with no 
neck. 

Diameter 0.75 mm. Cat. No. 324632, U.S.N.M. 

Two specimens are evidently of this species in a young stage, the 
uncoiling not vet having proceeded to a great degree. They are from 
U.S.G.S. No. 6036, Gatun formation, in dark-colored, fine-grained, 
sandy clay marl from Monkey Hill, Mount Hope Station. 


CRISTELLARIA PROTUBERANS, new species. 
Plate 22, fig. 2. 


Description—Test compressed, close coiled, biconvex, seven cham- 
bers in each coil, exch much inflated in its central portion, space be- 
tween much compressed, flattened, periphery sharply and broadly 
keeled; aperture peripheral, radiate. 

Diameter 0.80-1.20 mm. 

Three specimens of this species occurred at U.S.G.S. No. 6010, 
lower part of Culebra formation, in dark clay north of Pedro Miguel 
Locks. It is in some respects similar to species found in the Western 
Pacific, especially in comparatively deep water off the Philippines. 

Type-specimen.—Cat. No. 324633, U.S.N.M. 


CRISTELLARIA VAUGHANI, new species. 
Plate 22, fig. 3. 


Description—Test much compressed, with a slight tendency to un- 
coiling in the last-formed chambers, periphery slightly keeled, not 
lobulated, rounded, about nine chambers in the last-formed whorl. 
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sutures slightly curved backward, extending in to the umbilicus so 
that only the last-formed coil is visible from the exterior, surface 
smooth except for lines of beads along the sutures extending from 
the umbilicus to the periphery; apertural face truncated or even 
slightly concave, aperture radiate, peripheral, with a short cylin- 
drical neck. 

Diameter 0.75 mm. 

The type-sections of this species are from U.S.G.S. No. 6035, 
Gatun formation, in gray green, fine-grained, sandy shell marl from 
the vicinity of Mindi Hill. It also occurred at 6036, Gatun forma- 
tion, in dark-colored, fine-grained, sandy clay marl from Monkey 
Hill, Mount Hope Station; No. 60197, upper part of Culebra forma- 
tion, fourth limy bed from bottom, section opposite Las Cascadas, 
Gaillard Cut; and No. 6010, lower part of Culebra formation, in 
dark clay, north of Pedro Miguel Locks. 

This species is somewhat suggestive of some forms cf C’. wetherelia, 
but has no longitudinal ribbing. It is perhaps nearest to C. gemmata 
described by Brady from the Philippines and South Sea Islands, but 
lacks the typical papillate surface common in that species. 

The species is named for Dr. T. Wayland Vaughan, whose collec- 
tions in the Canal Zone have added much to the available foramini- 
fera from this region. 

Type-specimens.—Cat. No, 324634, U.S.N.M. 


Genus UVIGERINA d’Orbigny, 1826. 
UVIGERINA CANARIENSIS d’Orbigny. 
Plate 22, fig. 5. 


“Testae pineiforme minusculae” Sorpani, Testaceographia, vol. 2, 1798, 
p. 18, pl. 4, figs. E, F, G, H. 
Uvigerina nodosa, var. B D’OrpIGNY, Ann. Sci. Nat., vol. 7, 1826, p. 269, No. 3. 
Uvigerina canariensis D’ORBIGNY, Foram. Canaries, 1839, p. 138, pl. 1, figs. 
25-27.—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 573, 
pl. 74, figs. 1-38. 

Description.—Test elongate, chambers numerous, spirally arranged, 
triserial, inflated, separated by distinct sutures; wall smooth except 
for the early chambers which may show traces of spines or longitudi- 
nal striae; apertural end usually with a tubular neck and often a 
phialine lip. . 

Length 0.75 mm., diameter 0.35 mm. Cat. No. 324635, U.S.N.M. 

The only typical material of this species is from U.S.G.S. No. 6035, 
Gatun formation, in gray-green, fine-grained sandy shell marl from 
the vieinitv of Mindi Hill. 
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UVIGERINA CANARIENSIS d’Orbigny, variety. 
Plate 22, fig. 6. 


A larger and much stouter, entirely smooth variety as shown in the 
above figure was found in material from U.S.G.S. No. 6010, lower 
part of Culebra formation, in dark clay, north of Pedro Miguel 
Locks. Cat. No. 324636, U.S.N.M. 


UVIGERINA PYGMAEA @Orbigny. 
Plate 22) fie. 4. 


**Polymorpha Pineiformia ” Sorpant, Testaceographia, vol. 1, pt. 2, 1791, 
pl. 180, figs. ss, é¢. 

_ Uvigerina pigmea vp’ OrBieNy, Ann. Sci. Nat., vol. 7, 1826, p. 269, pl. 12, figs. 

8, 9; Modéles, 1826, No. 67. 

Uvigerina pygmaed bp’ ORBIGNY, Foram. Foss. Bass. Tert. Vienne, 1846, p. 190, 
pl. 11, figs. 25, 26—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 
1884, p. 575, pl. 74, figs. 11-14. 

Description—Test subcylindrical, triserially spiral, chambers nu- 
merous, inflated, sutures deep; wall ornamented by numerous longi- 
tudinal costae, those of each chamber usually independent of those 
of adjacent chambers; aperture with a short cylindrical neck and 
phialine lip. 

Length 0.75 mm., breadth 0.32 mm. Cat. No. 3246387a, b, «, 
U.S.N.M. 

Specimens referable to this species occurred in the Culebra forma- 
tion at U.S.G.S. No. 6012a, in lower dark clay beneath lower con- 
glomerate, one-fourth mile south of Empire Bridge, Gaillard Cut, 
and No. 6012d in clay and sandstone just below conglomerate at 
base of green clay one-half to three-fourths of a mile north of Con- 
tractors Hill, Gaillard Cut. 

Specimens of a slightly different character were abundant at No. 
6035, Gatun formation, in gray-green, fine-grained sandy shell marl, 
vicinity of Mindi Hill. 


UVIGERINA TENUISTRIATA Reuss. 


Plate 22, fig. 7. 


Uvigerina striata Reuss, Sitz. Kais. Akad. Wiss. Wien, vol. 52, 1870, p. 485.— 
VON SCHLICHT, Foram. Pietzpuhl, 1870, pl. 22, figs. 834-36.—H. B. Brapy, 

Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 574, pl. 74, figs. 4-7. 
Description.—Test subcylindrical, chambers spirally arranged, tri- 
serial at least in the early portion, later portion sometimes biserial 
and more slender; chambers inflated, sutures deep, walls ornamented 
by numerous longitudinal costae, except the last chambers, which tend 
to become smooth or nearly so; aperture with a short tubular neck 

and often a phialine lip. 
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Length 0.85 mm., breadth 0.30 mm. Cat. No. 324638, U.S.N.M. 


Specimens referred to this species were very common in material - 


from U.S.G.S. No. 6036, Gatun formation, in dark-colored, fine- 
grained sandy clay marl, from Monkey Hill, Mount Hope Station. 
Many of the specimens become almost uniserial in the last-formed 
portion. 

Genus SIPHOGENERINA Schlumberger, 1883.. 


SIPHOGENERINA RAPHANUS (Parker and Jones) var. TRANSVERSUS, new variety. 
Plate 22, fig. S. 


Description.—Test subcylindrical, composed of comparatively few 
chambers, the earlier ones spirally arranged, later and greater por- 
tion of the test uniserial, sutures very prominently indented, be- 
tween the longitudinal costae, aperture with a short cylindrical neck. 

Length, 1.25 mm.; diameter, 0.54 mm. Cat. No. 324646, U.S.N.M. 

This variety differs from the typical form in the much greater 
prominence of the transverse depressions marking the sutures, occa- 
sionally as in the figure suggesting the depressions of S. dimorpha. 
The specimens were frequent in material from U.S.G.S. No. 6010, 
lower part of the Culebra formation, in dark clay, north of Pedro 
Miguel Locks. 


Family GLOBIGERINIDAE. 
Genus GLOBIGERINA d@’Orbigny, 1826. 
GLOBIGERINA BULLOIDES d’Orbieny. 


Globigerina bulloides D’ORBIagNY, Ann. Sci. Nat., vol. 7, 1826, p. 277, No. 1; 
Modéles, No. 17, and No. 76; in Barker, Webb, and Berthelot, Hist. 
Nat. Isles Canaries, 1839, pt. 2, Foraminiféres, p. 132, pl. 2, figs. 1-3, 
28.—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 5938, 
pl. 77; pl. 79, figs. 3-7. 

Description.—Test subglobose, spiral, visible portion composed of 
but few chambers from below, usually three to five, all visible from 
the dorsal side, sutures deep, chambers inflated, umbilicate below; 
surface reticulate; aperture single, from each chamber, of good size 
opening into the central umbilical cavity on the ventral side. 

Diameter, 0.60 mm. Cat. Nos. 32463945. 

Specimens referable to this widely distributed species were ob- 
tained from the following stations: In the Culebra formation, 
U.S.G.S. No. 6009, from black clays and sandy beds at lower end 
of Pedro Miguel Locks; 6010 in dark clay, north of Pedro Miguel 
Locks; 60197, in fourth limy bed from bottom, Las Cascadas sec- 
tion, Gaillard Cut. In the Gatun formation, U.S.G.S. No. 60290, 


Sw 
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in argillaceous and sandy indurated marl, one-fourth to one-half 
mile north of Camp Cotton on relocated line, Panama Railroad; 
6033¢ in marl from second bed from bottom, just below lower clay, 
Gatun Section relocated line, Panama Railroad; 6035, in gray green, 
fine grained, sandy shell marl, near Mindi Hill; and 6036, in dark 
colored, fine grained, sandy clay marl, Monkey Hill, Mount Hope 
Station. 

The specimens from the last three stations are very well preserved 
and in fact might almost be recent. material, while those of the other 
stations were fragmentary, often glauconitic. G. bulloides, var. 
triloba Reuss was occasional in the last three stations where the 
genus was really very common. 


GLOBIGERINA INFLATA d@’Orbigny. 


Gloebigerina infiata D’ORBIGNY, in Barker, Webb, and Berthelot, Hist. Nat. 
Isles Canaries, vol. 2, pt. 2, 1889, Foraminiféres, p. 134, pl. 2, figs. 
7-9.—H. B. Brapy, Rep. Voy, Challenger, Zoology. vol. 9, 1884, p. 601, 
pl. 79, figs. 8-10. 

Description.—Test composed of numerous inflated chambers usu- 
ally arranged in a spiral test with about three volutions, the last- 
formed one with four chambers, dorsal side of test nearly flat, ventral 
side extended, especially in the last-formed whorl; ventrally umbili- 
cate; surface finely reticulate; aperture large, opening toward the 
umbilicus. 

Diameter, 0.75 mm. Cat. Nos. 324647, 8, 9, U.S.N.M. 

Specimens occurred at U.S.G.S. No. 6010, lower part of the Cule- 
bra formation, in dark clay north of Pedro Miguel Locks; and in 
the Gatun formation at the last two of the stations already referred 
to, namely, 6035 and 6036. 


GLOBIGERINA DUBIA Egger. 


Globigerina dubia Eecrr, Neues Juhrb. fiir Min., 1857, p. 281, pl. 9, figs. 
7-9.—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 595, 
pl. 79, figs. 17a-c. 

Description—Test composed of numerous inflated chambers ar- 
ranged in a nautiloid spiral all visible from above, the last coil only, 
consisting of 5 to 6 chambers, visible from below, ventral side with a 
central umbilicus, surface reticulate; apertures opening into the 
central umbilical cavity. 

Diameter 0.75 mm. Cat. Nos. 324650-54. 

At the following stations specimens referable to this species were 
found: Culebra formation, U.S.G.S. No. 6010, in dark clay, north 
of Pedro Miguel Locks; 6025, in dark, hard, sandy clay about 200 
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yards south of southern end of switch at Bohio Ridge Station, re- 
located line, Panama Railroad. Gatun formation, U.S.G.S. No. 
6033c, in mar] from second bed from bottom, just below lower clay, 
Gatun Section, relocated line, Panama Railroad; 6035, in gray green, 
fine grained, sandy shell marl near Mindi Hill and 6036 in dark 
colored, fine grained, sandy clay marl, Monkey Hill, Mount Hope 
Station. 

As in the case of the preceding species the specimens from the 
last three stations were very finely preserved while those of the 
others were glauconitic. 


GLOBIGERINA CONGLOBATA H. B. Brady. 


Globigerina conglobata H. B. Brapy, Quart. Journ. Micr. Sci., vol. 19, 1879, 
p. 72; Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 608, pl. 80, figs. 
1-5; pl. 82, fig. 5. 

Description.—Yest subglobular, early chambers arranged in a com- 
pact spiral, the last three chambers in the complete adult test form- 
ing nearly the whole of the visible portion of the test, wall coarsely 
reticulate; main aperture at the inner margin of the chamber with 
several rounded secondary apertures along the margins of the 
chamber where it is attached to adjacent ones. 

Diameter up tol mm. Cat. Nos. 324655-6. 

Specimens of G. conglobata were found in small numbers in the 
Gatun formation at stations 6035 and 6036. They were typical but 
perhaps hardly as well developed as in some Recent material. Its 
occurrence here is rather interesting as it is almost unknown in the 
fossil condition. | 


GLOBIGERINA SACCULIFERA H. B. Brady. 


Globigerina helicinad CARPENTER (not G. helicina d’Orbigny), Intr. Foram., 
1862, pl. 12, fig. 11. 
Globigerina sacculifera H. B. Brapy, Geol. Mag., Dec. 2, vol. 4, 1877, p. 
35; Quart. Journ. Micr. Sci., vol. 19, 1879, p. 73; Rep. Voy. Challenger, 
Zoology, vol. 9, 1884, p. 604, pl. 80, figs. 11-17; pl. 82, fig. 4. 
Description—Test composed of numerous chambers, in its early 
stages very similar to G. bulloides but later developing a more oblong 
form, the chambers extended, somewhat compressed and with ac- 
cessory apertural openings, the final chamber often flattened and 
irregularly formed toward the outer end; wall strongly reticulated 
in all but the final chamber which is much smoother than the others; 
aperture large, arched, with other accessory openings in the chambers 
of adult specimens. 
Diameter up to 1 mm. Cat. Nos. 324657-8, U.S.N.M. 
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Specimens were not uncommon in material from the Gatun forma- 
tion at stations 6035 and 6036. As in the case of G. conglobata the 
specimens were hardly as well developed as they are in recent speci- 
mens, but nevertheless had the characteristic marks of the species. 
As in G. conglobata the records of this species are almost entirely 
limited to Recent material, its occurrence as a fossil being practically 
anknown. 


GLOBIGERINA AEQUILATERALIS H. B. Brady. 


Cassidulina globulosa (part) Eacrr, Neues Jahrb. ftir Min., 1857, p. 296, 
pl. 11, fig. 4. 

Globigerina aequilateralis H. B. Bravy, Quart. Journ. Micr. Sci., vol. 19, 
1879, p. 71; Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 605, pl. 80, 
figs. 18-21. 

Description.—Test composed of numerous inflated chambers, ar- 
ranged in a planospiral manner, at least the last formed coil, cham- 
bers increasing rapidly in size as added, usually 5 to 6 in the last 
formed volution; sutures depressed, periphery lobulated; surface 
reticulate; aperture large, at the base of the inner margin of the 
chamber. 

Diameter up tol mm. Cat. Nos. 824659-61, U.S.N.M. 

In the material from the Gatun formation at three stations, Nos. 
6033¢, 6035, 6036, this species was not uncommon. The only char- 
acter in which there seems to be a difference from the Recent material 
is in the early chambers which occasionally show at one side as a flat 
spiral while the later chambers are bilateral. The species is not a 
common one as a fossil. 


Genus ORBULINA @’Orbigny, 1839. 


ORBULINA UNIVERSA d’Orbigny. 


Orbulina universa D’ORBIGNY, in De la Sagra, Hist. Fis. Pol. Nat. Cuba, 
1839, Foraminiféres, p. 3, pl. 1, fig. 1—H. B. Brapy, Rep. Voy. Chal- 
lenger, Zoology, vol. 9, 1884, p. 608, pl. 75; pl. 81, figs. 8-26; pl. 82, 
figs. 1-3. 

Description.—Test in adult form typically consisting of a single, 
spherical visible chamber, which may or may not have contained 
within the early Globigerine stages; wall strongly reticulate, a single 
large circular aperture and smaller openings at the base of each 
reticulation. 

Diameter up tol mm. Cat. Nos. 324662-3, U.S.N.M. 

Specimens were not uncommon in the Gatun formation at the 
three stations, Nos. 6033c, 6035, and 6036. Occasional specimens 
show the double form as figured by Brady. ‘The specimens other- 
wise are like the common run of Recent material. 
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Family ROTALIIDAE. 
Genus DISCORBIS Lamarck, 1804. 
DISCORBIS OBTUSA (d’Orbigny). 


Plate 28, figs. la—c. 
Rosalina obtusa p’OrBIcNy, Foram. Foss. Bass. Tert. Vienne, 1846, p. 179, 
pl. 11, figs. 4-6. 
Discorbina obtusa H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, 
p. 644, pl. 91, figs. 9a—e. 
Discorbis obtusa CUSHMAN, Bull. 71, U. S. Nat. Mus., pt. 5, 1915, p. 18, 
figs. 12a—c. 

Description.—Test biconvex, dorsal side more so than the ventral 
side, peripheral margin rounded; chambers comparatively few, about 
five in the last formed whorl; sutures curved, depressed; wall per- 
forate; aperture an elongate narrow slit extending from the um- 
bilicus nearly to the periphery. : 

Diameter 0.60 mm. Cat. No. 324664, U.S.N.M. 

The only station from which this species was obtained is U.S.G.S. 
No. 5850, from Pleistocene marl near Mount Hope, a quarter mile 
from the present sea beach and 6 to 8 feet above high tide. 


Genus TRUNCATULINA d’Orbigny, 1826. 
TRUNCATULINA AMERICANA, new species. 
Plate 23, figs. 2a—c. 


Description.—Test nearly plano-convex; ventral side strongly 
convex, periphery keeled, dorsal side nearly flat; chambers numerous, 
up to nine in the last formed coil; sutures curved, prominent, slightly 
himbate, umbilicate below; surface smooth, aperture nearly pe- 
ripheral. 

Diameter 0.65 mm. 
Type-specimen.—(Cat. No. 324665, U.S.N.M.) from the upper 
part of the Culebra formation, at U.S.G.S. No. 60197, fourth limy 

bed from bottom, Las Cascades section, Gaillard Cut. 


TRUNCATULINA PYGMEA Hantken. 


Plate 23, figs. 3a—c. 


Truncatulina pygmea HANTKEN, Mitth. Jahrb. ung. geol. Abstalt., vo! 4, 
1875, p. 78, pl. 10, fig. 8. 

Truncatulina pygmaea H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 
1884, p. 666, pl. 95, figs. 9, 10. 
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Description.—Test nearly equally biconvex, peripheral targin 
bluntly rounded; chambers numerous, the sutures oblique, distinct, 
often limbate; aperture a narrow slit extending from near the periph- 
ery nearly to the umbilicus. 

Diameter 0.65 mm. Cat. No, 324666-7, U.S.N.M. 

The only station at which this species occurred is in the upper part 
of the Culebra formation, U.S.G.S. No. 6019d, upper part of second 
hard, limy, sandstone bed, Las Cascadas section, Gaillard Cut. It 
is rather larger than the usual run of 7. pygmaea but is evidently 
this species. 

Specimens from the Gatun formation, U.S.G.S. No. 6036, while 
having fewer chambers and somewhat larger size are questionably 
referred here. One specimen is figured on plate 24, figure 2. 


TRUNCATULINA UNGERIANA (d’Orbigny). 
Plate 24, fig. 1. 


Rotalina ungeriana v’ORBIGNY, Foram. Foss. Bass. Tert. Vienne, 1846, p 
157, pl. 8, figs. 16-18. 

Planorbulina ungeriana H. B. Brapy. Trans. Linn. Soc. London, vol. 24, 
1864, p. 469, pi. 48, fig. 12. 

Truncatulina ungeriana Reuss, Denkschr. Akad. Wiss. Wien, vol. 25, 1865, 
p. 161.—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 664, 
pl. 94, figs. 9a—d. 

Description.—Test biconvex, dorsal side less convex than the ven- 
tral; peripheral margin subacute, slightly carinate, chambers numer- 
ous, 10 to 12 in the last formed whorl, sutures distinct, slightly lm- | 
bate on the dorsal side; aperture a narrow arched opening running 
ventrally from the peripheral margin. 

Diameter 0.50 mm. Cat. Nos. 324668-9, U.S.N.M. 

Specimens referable to this species but not entirely typical were 
obtained in material from lower part of the Culebra formation, as 
follows: U.S.G.S. No. 6009, from black clays and sandy beds at lower 
end of Pedro Miguel Locks; and 6012a, from lower dark clay be- 
neath lower conglomerate, one-fourth mile south of Empire Bridge, 
west side Gaillard Cut, below Culebra. 


TRUNCATULINA WUELLERSTORFI (Schwager). 
Plate 24, fig. 3. 


Anomalina wuellerstorfi SCHWAGER, Novara Exped., geol. Theil., vol. 2, 
1866, p. 258, pl. 7, figs. 105, 107. 

Truncatulina wuellerstorfi H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 
9, 1884, p. 662, pl. 93, figs. 8, 9. 


Description.—Test plano-convex, dorsal side nearly flat, ventral 
side slightly convex; chambers numerous, elongate, curved; sutures 
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strongly curved, somewhat limbate, periphery biuntly rounded, 
shghtly lobulated, especially near the apertural end of. the last 
formed coil; wall coarsely punctate; aperture peripheral, a short 
curved opening. 

Diameter of larger specimens slightly more than 1 mm. 

Numerous very typical specimens of this species occurred in mate- 
rial from the lower part of the Culebra formation, U.S.G.S. Ne. 
6010, from dark clay, north of Pedro Miguel Locks. Less typical 
specimens occurred in the upper part of the Culebra formation at 
U.S.G.S. 6012d, from clay and sandstone just below conglomerate 
at base of green clay, west side of Gaillard Cut, below Culebra; and 
60197, from fourth limy bed from bottom, Las Cascadas section, 
Gaillard Cut. 

Cat. Nos. 324670-2, U.S.N.M. 


TRUNCATULINA CULEBRENSIS, new species. 


Plate 24, figs. 4a, b. 


Description—Test biconvex, much compressed, peripheral margin 
rounded; chambers numerous, aS many as thirteen in the last formed 
coil, long and narrow, gently curved, sutures broad, limbate, smooth, 
the areas between very coarsely punctate; apertural face of chamber 
somewhat depressed, flattened, the carinate borders extending out 
beyond at either side; aperture a narrow slit situated at the base of 
the chamber on the periphery. 

Diameter up to 1.5 mm. 

The only occurrence of this species was in the upper part of the 
Culebra formation, U.S.G.S. No. 6012c, from top part of limy sand- 
stone below upper conglomerate near foot of stairs, west side Gail- 
lard Cut. 

This, a large and striking species, in some of its characters sug- 
gesting 7’. wuellerstorfi but, as will be seen by a comparison of the 
figures of the two, really very different. 

Type-specimen.—Cat. No. 324673, U.S.N.M. 


Genus PULVINULINA Parker and Jones, 1862. 
PULVINULINA SAGRA (d’Orbigny). 
Plate 24, figs. 6a, 6. 


Rotalina sagra D’OrBIGNY, in De la Sagra, Hist. Fis. Pol. Nat. Cuba, 1839. 
Foraminiféres, p. 77, pl. 5, figs. 18-15. 
Description.—Test ovate, biconvex, the ventral side more convex 
than the dorsal, peripheral margin subacute, carinate; chambers com- 
paratively few in number increasing rapidly in size in the last formed 
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ones, the last formed chamber on the ventral side making up a large 
part of the area of the test, sutures distinct, curved, slightly de- 
pressed, more so on the ventral side; wall smooth except for the usual 
fine punctations; aperture ventral near the umbilicus. 

Length 0.60 mm., breadth 0.40 mm. Cat. No. 324674. 

The only record for this species from Panama is from the Gatun 
formation, U.S.G.S. No. 6035, in gray green, fine grained, sandy 
shell marl, near Mindi Hill. This species, described by d’Orbigny 
from Cuba, seems to be a common species in the American Miocene. 


PULVINULINA CONCENTRICA Parker and Jones. 


Plate 25, fig. 1. 


Pulvinulina concentrica (Parker and Jones, MS.) H. B. Brapy, Trans. Linn. 
Soc. London, vol. 24, 1864, p. 470. pl. 48, fig. 14-—H. B. Brapy, Rep. 
Voy. Challenger, Zoology, vol. 9, 1884, p. 686, pl. 105, figs. 1a—c. 

Description—tTest biconvex, oval; peripheral margin rounded; 
chambers comparatively few, usually seven in the last formed coil, 
sutures covered by clear shell material joining with the carinal border 
and often covering a large portion of the test, both above and below, 
especially toward the center; wall smooth, finely punctate; aperture 
a narrow slit on the peripheral portion of the ventral side. 

Diameter 1.2mm. Cat. No. 324675, U.S.N.M. 

The only specimen of this species is from the Gatun formation, 
U.S.G.S. No. 6035, in gray green, fine grained, sandy shell mar! near 
Mindi Hill. The specimen as will be seen from the figure is very 
typical. 

PULVINULINA MENARDII (d’Orbigny). 


Plate 25, figs. 2, 3. 
Rotalia menardii pD’OrBIGNY, Ann. Sci. Nat., vol. 7, 1826, p. 273, No. 26; 
Modéles, No. 10. 
Pulvinulina menardti OwrEn, Journ. Linn. Soc. London (Zool.), vol. 9, 1867, 
p. 148, pl. 5, fig. 6—H. B. Brany, Rep. Voy. Challenger, Zoology, vol. 9, 
1884, p. 690, pl. 103, figs. 1, 2. 

Description.—Test plano-convex, ventral side convex, dorsal side 
nearly flat; compressed, umbilicate; peripheral margin thin, slightly 
lobulated, carinate; chambers five or six in the last formed coil; 
sutures distinct, limbate and broad on the dorsal side, curved, on the 
ventral side more depressed, not limbate, nearly straight; wall 
smooth, finely punctate; aperture extending peripherally from the 
umbilicus, usually with an overhanging lip. 

Diameter up tol mm. Cat. Nos. 324676-8, U.S.N.M. 

Specimens apparently belonging to this species so widely dis- 
tributed in the present oceans were obtained in the Gatun formation 
at U.S.G.S. No. 6035 in gray green, fine grained, sandy shell marl, 
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vicinity of Mindi Hill; and 6036 in dark colored, fine grained, sandy 
clay marl from Monkey Hill, near Mount Hope Station. A figure of 
one of these is shown in plate 25, figure 3. From 6033c, Gatun 
formation, in marl from second bed from bottom, just below lower 
clay, Gatun section, relocated line of the Panama Railroad, are even 
more typical specimens, one of which is here figured on plate 25, 
figure 2. 


Genus SIPHONINA Reuss, 1849. 


SIPHONINA RETICULATA (Czjzek). 


Plate 24, fig. 5. 

Rotalina reticulata CzszeK, Haidinger’s Nat. Abh., vol. 2, 1848, p. 145, 
pl. 18, figs. 7-9. 

Siphonina reticulata Brown, Lethaea Geognostica, ed. 3, vol. 3, 1853-56, 
p. 227, pl. 85 (?), figs. 23a-c_—CusHMAN, Bull. 71, U. S. Nat. Mus., 
pt. 5, 1915, p. 48, fig. 48; pl. 16, fig. 4; pl. 28, fig. 3. 

Truncatulina reticulata H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 
1884, p. 669, pl. 96, figs. 5-8. 

Description.—Test biconvex, ventral side shghtly more so than 
the dorsal, peripheral margin acute, carinate; chambers numerous 
rather indistinct, sutures slightly depressed, curved; wall rather 
coarsely perforate; aperture peripheral with a short, broad neck and 
somewhat flaring phialine lip. 

Diameter 0.65 mm. Cat. No. 324679, U.S.N.M. 

The only station at which this species occurred is in the Gatun 
formation, U.S.G.S. No. 6036, in dark colored, fine grained, sandy 
clay marl of Monkey Hill, Mount Hope Station. 

Although the specimen is not perfectly preserved the tubuli of the 
peripheral margin are lacking as is the case in some large recent 
specimens. 


Family NUMMULITIDAE. 
Genus NONIONINA d’Orbigny, 1826. 
NONIONINA DEPRESSULA (Walker and Jacob). 
Plate 25, figs. 5a, b. 


Nautilus depressulus WALKER and JAcos, Adam’s Essays, Kanmacher’s 
ed., 1798, p. 641, pl. 14, fig. 33. 


Nonionina depressula PARKER and Jones, Ann. Mag. Nat. Hist., ser. 3, vol. 4, 
1859, pp. 3389, 341.—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 
9, 1884, p. 725, pl. 109, figs. 6, 7.—Bace, Bull. U. S. Geol. Surv., No. 513, 
1912, p. 88, pl. 26, figs. 16a—ec; pl. 28, figs. 7, 8. 

Description—Test more or less rounded in side view, slightly 
elongate, about ten chambers in the last formed coil, apertural view 
narrow, periphery broadly rounded, sides nearly parallel, about two 
and a half times as high as broad, umbilicus slightly depressed, 
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usually filled with secondary shell material and a slight extension 
peripherally along the sutures which are slightly depressed; aper- 
ture a narrow curved slit. 

Diameter 0.60 mm. Cat. Nos. 324680-1, U.S.N.M. 

Distribution —Specimens of this species occurred in the Gatun 
formation at U.S.G.S. No. 6033c, in marl from second bed from 
bottom, just below lower clay, Gatun Section, relocated line of the 
Panama Railroad; and 6035, in gray green, fine grained, sandy shell 
marl, vicinity of Mindi Hill. The specimens are rather typical, per- 
haps varying in the direction of increased length from most recent 
specimens. 


NONIONINA SCAPHA (Fitchel and Moll). 
Plate 25, figs. 6a, b. 


Nautilus scapha Ficu1er and Moit1, Test. Micr., 1803, p. 105, pl. 19, figs. d-f. 

Nonionina scapha PARKER and JoNES, Ann. Mag. Nat. Hist., ser. 3, vol. 5, 
1860, p. 102, No. 4.—H. B. Brapy, Nat. Hist. Trans. Northumberland 
and Durham, vol. 1, 1865, p. 106, pl. 12, figs. 10a, b-——H. B. Brapy, Rep. 
Voy. Challenger, Zoology, vol. 9, 1884, p. 730, pl. 109, figs. 14, 15, and 
16.—H. B. Brapy, Parker, and Jonss, Trans. Zocl. Soc., vol. 12, 1888, p. 
230, pl. 48, fig. 20.—Woopwarp and THomas, Geol. Nat. Hist. Surv. 
Minnesota, vol. 3, 1898, p. 48, pl. H, figs. 35, 836.—Eaarr, Abh. kon. Bay. 
Akad. Wiss. Miinchen, Cl. II, vol. 18, 1898, p. 424, pl. 19, figs. 48, 44.— 
Gots, Kengl. Svensk. Vet. Akad. Handl., vol. 25, 1894, p. 104, pl. 17, 
fig. 8380.—Morron, Proc. Portland Soe. Nat. Hist., vol. 2, 1897, p. 121, 
pl. 1, fig. 283—Frint, Ann. Rep. U. 8S. Nat. Mus., 1897 (1899), p. 337, 
pl. 80, fig. 1—Fornasini, Mem. Accad. Sci. Ist. Bologna, ser. 6, vol. 1, 
1904, p. 12, pl. 3, fig. 4; pl. 18, fig. 5—Muitierr, Journ. Roy. Micr. Soc., 
1904, p. 601.—Baaea. Proc. U. 8S. Nat. Mus.. vol. 34, 1908, p. 164.—Sipe- 
BoTtoM, Mem. and Proc. Manchester Lit. and Philos. Soe., vol. 53, No. 
21, 1909, p. 18; vol. 54, No. 16, 1910, p. 29, pl. 3, fig. 13._-Bace, Bull. 
U. S. Geok Surv. No. 518, 1912, p. S8, pl. 27, figs. 1-5. 

Polystomella crispa, var. (Nonionina) scapha ParKerR and JONES, Philos. 
Trans., vol. 155. 1865, p. 404, pl. 14, figs. 37, 88; pl. 17, figs. 55, 56. 


Description.—Test in side view longer than wide, about ten cham- 
bers in the last formed coil, rapidly increasing in length as added, 
sutures evenly curved, slightly depressed, periphery broadly rounded, 
in apertural view the face of the last formed chamber making up a 
large part of the visible surface, wall smooth, finely punctate, some- 
what umbilicate; aperture an arched slit at the base of the chamber. 

Length 0.60 mm. Cat. No. 324682, U.S.N.M. 

Specimens of this species were collected in the Gatun formation 
at a single station, U.S.G.S. No. 6033¢, in marl from second bed 
from bottom, just below lower clay, Gatun section, relocated line of 
the Panama Railroad. 

The specimen figured in apertural view was placed to show the 
aperture rather than the full size of the apertural face which is really 
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larger than appears in this view, the earlier portion of the coil being 


narrow. 
NONIONINA PANAMENSIS, new species. 


Plate 26, figs. la, b. 


Description.—Test in side view subcircular, last formed chamber 
composed of about nine chambers, in front view bilaterally sym- 
metrical, rapidly increasing in breadth as chambers are added, aper- 
’ tural face of chamber broadly rounded, early portion slightly keeled ; 
sutures rather strongly curved, slightly limbate, slightly depressed ; 
wall smooth, distinctly punctate; aperture a narrow curved slit at the 
base of the apertural face of the chamber. 

Diameter 0.65 mm. 

Specimens of this species were obtained from the lower part of 
the Culebra formation, U.S.G.S. No. 6010, north of Pedro Mignel 
Locks, in dark clay. 

Ty pe-specimen.—Cat. No. 324683, U.S.N.M. 


NONIONINA ANOMALINA, new species. 


Plate 26, figs. 2a, b. 


Description.—Test in side view nearly circular, deeply umbilicate, 
peripheral margin broadly rounded, bilaterally symmetrical, about 
seven chambers in the last formed coil, sutures little if at all de- 
pressed, indistinct, last formed chambers extending but part way 
across the test, tending toward alternating arrangement; aperture 
a narrow slit at the base of the chamber. 

Diameter 1.25 mm. 

Ty pe-specimen.— (Cat. No. 324684, U.S.N.M.) from the lower part 
of the Culebra formation, in dark clay, north of Pedro Miguel Locks: 
(U.S.G.S. No. 6010). f 

The last two chambers suggest Cassidulina, but the similarity does 
not continue further. 


Genus POLYSTOMELLA Lamarck, 1822. 
POLYSTOMELLA STRIATO-PUNCTATA (Fitchel and Moll). 


Plate 26, figs. 3a, b; 4a, b. 


Nautilus striato-punctatus FIcHTEL and Motr1, Test. Micr., 1803, p. 61, pl. 9, 


figs. a—e. 
Polystomella striato-punctata PARKER and Jonges, Ann. Mag. Nat. Hist., ser. 
8, vol. 5, 1860, p. 103, No. 6—H. B. Brapy, Rep. Voy. Challenger, 


Zoology, vol. 9, 1884, p. 733, pl. 109, figs. 22, 23. 


Description.—Test bilaterally symmetrical, subcircular in side view, 
umbilicate, peripheral margin broadly rounded, eight to ten chambers 
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in the last formed coil; sutures slightly curved, depressed; wall 
smooth, distinctly punctate; septal lines with regularly arranged, 
narrow bridging; aperture a narrow semicircular opening at the base 
of the apertural face of the chamber, showing occasionally traces of 
division into a series of smaller openings. 

Diameter 0.50 to 0.65 mm. Cat Nos. 324685-7, U.S.N.M. 

Specimens were obtained in the Culebra formation, U.S.G.S. No. 
6020a, opposite Las Cascadas, in lowest fossiliferous bed, third bed 
below lowest limestone. These were very largely glauconitic, and 
of the form figured in 4a, 6. The species was also found in the 
Gatun formation, U.S.G.S. No. 6029a, one-fourth to one-half mile 
north of Camp Cotton, relocated line of the Panama Railroad, in 
the soiter sandy marls at the base of the section. The form figured 
in 8a, 6, is from a Pleistocene deposit at U.S.G.S. No. 5850, loose 
shells and marl from near Mount Hope, one-fourth mile from present 
beach, 6 to 8 feet above high tide. 


POLYSTOMELLA SAGRA @’Orbigny. 


Plate 26, figs. 5a, 0. 


Polystomeila Sagra D’OrBIGNY, in De la Sagra, Hist. Fis. Pol. Nat. Cuba, 
1839, Foraminiféres, p. 55, pl. 6, figs. 19, 20. 

Description —Test bilaterally symmetrical, subcircular in side 
view; peripheral margin rounded, ten or more chambers in the last 
formed coil; sutures distinct, curved, slightly depressed in the last 
formed portion, not at all depressed in the early part of the coil; 
early half of the coil with definite raised, longitudinal ribs, corre- 
sponding to the bridging over the sutures, persisting longest on the 
peripheral portion of the test, later portion smooth; bridging of 
earliest portion of coil regular, short, in the last formed sutures in- 
creasing considerably in length; apertural face smooth, punctate; 
roughly triangular in outline, the angles rounded; aperture a very 
narrow slit at the base of the apertural face of the chamber. 

Diameter 0.65 mm. Cat. No. 324688, U.S.N.M. 

The only station at which this species was obtained is a Pleistocene 
deposit at U.S.G.S. No. 5850, loose shells and marl from near Mount 
Hope, one-fourth mile from present beach and 6 to 8 feet above high 
tide. 

A comparison of this figure with the original given by d’Orbigny 
in his Cuv. ..onograph will show the very striking similarity be- 
tween the Cuba and Panama specimens, and I have no hesitation in 
referring this material to d’Orbigny’s species. 

8370°—18—Bull. 1036 
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POLYSTOMELLA MACELLA (Fichtel and Moll). 
Plate 27, figs. la, 6. 


Nautilus macellus, var. @, FICHTEL and Moxt, Test. Micr., 1803, p. 66, pl. 10, 
figs. e-g. 

Poirot macella PARKER and JONES, Ann. Mag. Nat. Hist., ser. 3, vol. 
1860, p. 104, No. 8.—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 
1884, p. 737, pl. 110, figs. 8, 9, 11. 

Description.—Test compressed, bilaterally symmetrical, peripheral 
margin acute, somewhat carinate, not lobulated, sixteen to twenty 
chambers in the last formed coil; reticulated bridgings occupying a 
greater area than the intermediate portions; umbilical region slightly 
depressed, with a few large pores; aperture a curved or V-shaped 
slit at the base of the apertural face, either simple or divided into 
secondary openings. 

Diameter, 0.75 mm. Cat. Nos. 324689-90, U.S.N.M. 

Specimens were obtained from two stations in the Emperador 
limestone, as follows: U.S.G.S. 6015, from cream-colored coral lime- 
stone, old quarry one-quarter mile north of west from Empire; and 
6016, one-third mile north of west of the same place. 


D, 
3, 


POLYSTOMELLA CRISPA (Linnaeus). 
Plate 27, figs. 2a, 6. 


“Cornu Hammonis orbiculatum’”’ Puancus, Conch. Min., 1739, p. 10, pl. 1, 
fig. 2. 

Nagin crispus LINNAEUS, Syst. Nat., ed. 12, 1767, p. 1162. 

Polystomella crispa LAMARCK, Anim. sans Vert., vol. 7, 1822, p. 625, No. i.— 
D’ORBIGNY, Foram. Woss. Bass. Tert. Vienne, 1846, p. 125, pl. 6, figs. 9— 
14.—_H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 736, 
pl. 110, figs. 6, 7. 

Description—Test bilaterally symmetrical, much compressed, pe- 
ripheral margin obtusely angled; umbilical region not depressed; 
chambers numerous, eighteen to twenty chambers in the last formed 
coil, sutures indistinct, bridging wider than the intermediate clear 
space; margin not lobulated; umbilical region umbonate, filled with 
clear shell material, often with a few pores; aperture a narrow slit 
at the base of the apertural face of the chamber, usually showing 
more or less division into secondary openings. 

Diameter, up to 1.25mm. Cat. No. 324691, U.S.N.M. 

Specimens referable to this species were obtained from the Gatun 
formation at U.S.G.S. No. 60296, one-fourth to one-half mile north 
of Camp Cotton on relocated line of the Panama Railroad, indurated 
argillaceous and sandy marl. 
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POLYSTOMELLA CRATICULATA (Fichtel and Moll). 
Plate 27, figs. 3a, b. 

Nautilus craticulatus FicHTEL and Motz, Test. Micr., 1803, p. 51, pl. 5, figs. 
h-k. 

Polystomella craticulata p’OrBpieny, Ann. Sci. Nat., vol. 7, 1826, p. 284, 
No. 3.—CARPENTER, Intr. Foram., 1862, p. 279, pl. 16, figs. 1, 2—H. B. 
Bravy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 739, pl. 110, figs. 
IG) IEC 

Description —Test bilaterally symmetrical, somewhat compressed ; 

peripheral margin broadly rounded; not lobulated, chambers very 
numerous, forty or more in the last formed coil, narrow; umbilical 
region filled with clear shell material with numerous pores; bridged 
area about equal to that between; aperture a series of openings at 
the base of the apertural face. 

Diameter, 1mm. Cat. No. 324692, U.S.N.M. 

This species was found in considerable numbers in the Culebra 
formation at U.S.G.S. No. 6025, in foraminiferal marl and coarse 
sandstone about 200 yards south of the southern end of the switch at 
Bohio Ridge station, relocated line, Panama Railroad. 

The specimens have not as subglobose a form as many recent 
specimens, but in other respects the characters are very similar. 


POLYSTOMELLA, species? 


Numerous stations have a species of Polystomella which is very 
much like P. sagra and yet is not so definitely characterized as are 
the specimens oi that species from station 6025. 

The stations at which this form of Polystomella occurs are in the 
lower part of the Culebra formation at U.S.G.S. No. 6009, black 
clays, six or seven hundred feet south of Miraflores Locks. In Las 
Cascadas section, Gaillard Cut, 60196, from the 4 feet of dark strati- 
fied tuff and clay overlying the lower limestone bed; 60197, from 
fourth limy bed from bottom; 6020a, from the lowest fossiliferous 
bed. In the Emperador limestone at 6015 and 6016 from cream- 
colored coral limestone, old quarry, one-quarter mile north of west 
from Empire. In the Gatun formation at 6029a, from lowest hori- 
zon, one-fourth to one-half mile north of Camp Cotton. 

Cat. Nos. 324693-8, U.S.N.M. 


Genus AMPHISTEGINA d@’Orbigny, 1826. 
AMPHISTEGINA LESSONIE d@Orbigny. 


Amphistegina lessonti D’ORBIGNY, Ann. Sci. Nat., vol. 7, 1826, p. 304, No. 3, 
pl. 17, figs. 1-4; Modéles, No. 98.—H. B. Brapy, Rep. Voy. Challenger, 
Zoology, vol. 9, 1884, p. 740, pl. 111, figs. 1-7. 

Description —Test lenticular, usually more convex on one side than 
the other ; composed of about twenty-five chambers in the last formed 
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coil, wall smooth except near the aperture on the ventral side where 
there is usually a papillose area of greater or less extent; periphery 
usually somewhat rounded; sutures on the dorsal side with a single 
simple angle; below usually divided into two deep lobes by deep con- 
strictions. 

Diameter, 1-2.5 mm. Cat. Nos. 324699-08, U.S.N.M. 

This species is common in the lower horizons of the area occurring 
at the following stations: Culebra formation, 6009, 6012a, d, 6019¢, d, 
6027; Emperador limestone, 6015, 6016; Gatun formation, 6029a, 5, c. 

At some of these stations specimens are rather frequent. In the - 
matrix this species may often be indistinguishable in a superficial ex- 
amination from worn centers of Orbitoids or Nummulites. It is a 
common Tertiary species. 


Family MILIOLIDAE. 
Genus QUINQUELOCULINA d’Orbigny, 1826. 
QUINQUELOCULINA SEMINULUM (Linnaeus). 


Plate 27, figs. 4a, 0; plate 28; plate 29, figs. la-—e. 


Serpula seminulum Linnarus, Syst. Nat., ed. 10, 1758, p. 786; ed. 18 
(Gmelin), 1758, pp. 37, 39. 

Quinqueloculina seminulum p’OrBIGeNY, Ann. Sci. Nat., vol. 7, 1826, p. 303, 
No. 44. 

Miliolina seminulum WiLLiIamMson, Rec. Foram. Great Britain, 1858, p. 85, 
pl. 7, figs. 188-189.—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 
1884, p. 157, pl. 5, figs. 6a, b, ec. 

Description—Test oval in front view; thickest in the middle, 
visible exterior composed of five chambers, three visible from one 
side and four from the other, sutures slightly depressed, distinct: 
wall smooth, periphery rounded, aperture somewhat contracted, 
usually with a single simple tooth. 

Length about 1mm. Cat. Nos. 324709-18, U.S.N.M. 

Very typical specimens were obtained from U.S.G.S. No. 5850, 
among loose shells and marl from near Mount Hope, from ditch 
through swampy ground, one-fourth mile from present sea beach and 
6 to 8 feet above high tide (Pleistocene). Specimens very similar 
but slightly more rotund were obtained from the Gatun formation, 
No. 6036, in dark colored, fine grained, sandy clay marl, at Monkey 
Hill, Mount Hope Station. 

Varietal forms here figured and which may be referred to Q. semi- 
nulum were obtained from the Culebra formation at No. 6010, from 
dark clay, north of Pedro Miguel Locks; 6019a, a single specimen 
from lower limestone of Las Cascadas section; 6025, a single glau- 
conitic specimen from foraminiferal marl about 200 yards south of 
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southern end of switch at Bohio Ridge Station, relocated line of the 
Panama Railroad. Another much flattened glauconitic specimen 
from this last station is also referred here. 


QUINQUELOCULINA CONTORTA @’Orbigny. 


Plate 29, figs. 2a-c. 
Quinqueloculina contorta pD’OrBIGNY, Foram. Foss. Bass. Tert, Vienne, 1846, 
p. 298, pl. 20, figs. 4-6. 

Description —Test about twice as long as broad, chambers rather 
narrow and elongate, in end view polygonal, peripheral margin 
broadly curved, sides nearly at right angles to the peripheral face 
with a sharp angle at the junction; sutures deep, apical end and initial 
end of final chamber truncated; aperture rounded with a single tooth; 
wall smooth. 

Length 0.65 mm. Cat. No. 324714, U.S.N.M. 

The only material of this species was obtained from U.S.G.S. 5850, 
among loose shells and marl, from near Mount Hope, from ditch 
through swampy ground, about one-fourth mile from present sea 
beach and 6 to 8 feet above high tide (Pleistocene). 


QUINQUELOCULINA AUBERIANA @Orbigny. 


Plate 29, figs. 3a-—c. 
Quinqueloculina auberiana D’ORBIGNY, in De la Sagra, Hist. Fis. Pol. Nat. 
Cuba, 1839, Foraminiféres, p. 193, pl. 12, figs. 1-3. 
Miliolina auberiana H. B. Bravy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, 
p. 162, pl. 5, figs. 8, 9. 

Description —Test slightly longer than broad, periphery of the 
chambers angled with a concave area at each side of the angle, sutures 
somewhat depressed, distinct; wall smooth; aperture with a single, 
usually simple, occasionally slightly bifid tooth. 

Length about 1mm. Cat. No. 324715, U.S.N.M. 

Two specimens of this species were obtained in material from 
U.S.G.S. 5850, among loose shells and marl, from near Mount Hope, 
from ditch through swampy ground, about one-fourth mile from pres- 
ent sea beach and 6 to 8 feet above high tide (Pleistocene). Thisisa 
common species of the shallow-water littoral of tropical seas. 


QUINQUELOCULINA UNDOSA Karrer. 
Plate 80, figs. la—c. 


Quinqueloculina undosa Karrer, Sitz. Akad. Wiss. Wien, vol. 58, abth. 1, 
1868, p. 150, pl. 3, fig. 1. 
Miliolina undosa Karrer, Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 176, 
pl. 6, figs. 6-8. 
Description—Test elongate, two or two and a half times as long as 
wide; chambers sub-polygonal, the angles more or less irregular: giv- 
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ing an undulate appearance to the chambers, apertural end typically 
with a slightly projecting neck, aperture with a single tooth; wall 
smooth. 

Length 1.25 mm. Cat. Nos. 324716-17, U.S.N.M. 

Specimens referable to this species were obtained in the Emperador 
limestone, at U.S.G.S. 6016, from old quarry, one-third mile north 
of west of Empire; and in the Culebra formation, at 6025, in 
foraminiferal marl about 200 yards south of the southern end of 
the switch at Bohio Ridge Station, relocated line, Panama Railroad. 

The specimens are not so contorted as in some recent ones but show 
characteristic undulations of the chamber borders. 


QUINQUELOCULINA BICORNIS (Walker and Jacob). 


Plate 30, figs. 2a-c; 3a, D. 

“Serpula bicornis ventricosa,” WALKER and Boys, Test. Min., 1784, p. 1, 
plo ae figs 2: 

“FWrumentaria foeniculum”’ SoLpani, Testaceographia, vol. 1, pt. 3, 1795, 
p. 229, pl. 154, figs. 0b, ce. 

Serpula bicornis WALKER and JAcos, Adams’s Essays, Kanmacher’s ed., 
1798, p. 638, pl. 14, fig. 2. 

Miliolina bicornis WrLLtaAMson, Rec. Foram. Great Britain, 1858, p: 87, pl. 
7, figs. 190-192.—H. B. Brapy, Rep. Voy. Challenger, Zoology. vol. 9, 
1884, p. 171, pl. 6, figs. 9, 11, 12. 

Description.—Test in side view about twice as long as wide; 
sutures rather deep, distinct, chambers more or less keeled, wall 
ornamented with numerous rather fine longitudinal raised costae; 
aperture slightly exserted, rounded, with a single tooth. 

Length 0.75 mm. Cat. Nos. 324718-9, U.S.N.M. 

Specimens were obtained in a Pleistocene deposit at U.S.G.S. 5850, 
among loose shells and marl, from near Mount Hope, from ditch 
through swampy ground about one-fourth mile from present sea 
beach, and 6 to 8 feet above high tide. 

From the Culebra formation, U.S.G.S. 6025, in foraminiferous 
marl about 200 yards south of southern end of switch at Bohio Ridge 
Station, relocated line, Panama Railroad, were obtained, rather 
poorly preserved and somewhat glauconitic specimens, but showing 
traces of a longitudinal series of raised ridges. They are question- 
ably referred here and one is figured, on plate 30, figure 3. 


QUINQUELOCULINA PANAMENSIS, new species. 


Plate 31, figs. la-c. 


Description.—Test nearly as wide as long, the last formed chamber 
tending to become loose coiled, growing away from the preceding 
ones on the apertural half of the inner margin, apertura] end free. 
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peripheral margin broadly rounded, sutures much depressed; wall 
smooth; aperture circular. 

Length 0.85 mm. 

This species was obtained from the Gatun formation, U.S.G.S. 
6036, in dark colored, fine grained, sandy clay marl, from Monkey 
Hill, Mount Hope Station. 

It is unusual in the breaking away of the last formed chamber 
from the original close coiled method of growth. 

Type-specimen.—Cat. No. 324720, U.S.N.M. 


Genus SIGMOILINA Schlumberger, 1887. 


SIGMOILINA TENUIS (Czjzck). 
Plate 31, figs. 4a—c. 


Quinqueloculina tenuis CzszEK, Haidinger’s Nat. Abhandl., vol. 2, 1847, p. 
149, pl. 18, figs. 31-34. 

Spiroloculina tenwis H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 
1884, p. 152, pl. 10, figs. 7-11. 

Sigmoilina tenuis SiprBporroM, Mem. and Proc. Manchester Lit. and Philos. 
Soc., vol. 48, No. 5, 1904, p. 6. 

Description—Test about twice as long as wide, narrow, compressed, 
visible chambers 5 or 6 on either side, chambers, narrow, rounded, 
sutures depressed, distinct; wall smooth, aperture exserted, rounded. 

Length 0.65 mm. Cat. Nos. 324721-8, U.S.N.M. 

Specimens of this species were obtained in the Gatun formation 
at the following three stations: U.S.G.S. 6038c, in marl from second 
bed from bottom, just below lower clay, Gatun section, relocated line 
of the Panama Railroad; 6035, in gray green, fine grained, sandy 
shell marl, vicinity of Mindi Hill; and 6036, in dark colored, fine 
grained, sandy clay marl, from Monkey Hill, Mount Hope Station. 

These three stations have several species in common as will be 
seen by a glance at the accompanying chart of distribution. 


SIGMOILINA ASPERULA (Karrer). 


Plate 31, figs. 3 a, 0D. 


Spirolucina asperula Karrer, Sitz. Akad. Wiss. Wien, vol. 57, 1868, p. 136, 
pl. 1, fig. 10—H. B. Brapy, Rep. Vol. Challenger, Zoology, vol. 9, 1884, 
p. 152, pl. 8, figs. 18, 14, and 11. 

Description.—Test but slightly longer than wide, very much com- 
pressed, sutures somewhat indistinct, several chambers visible from 
each of the flattened sides; wall covered with fine arenaceous parti- 
cles; aperture exserted, nearly circular. 

Length, 0.8 mm. Cat. Nos. 324724-5, U.S.N.M. 
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Specimens were not uncommon in the Gatun formation at two 
stations, U.S.G.S. 6035, in gray green, fine grained, sandy shell marl, 
vicinity of Mindi Hill, and 6036, in dark colored, fine grained, sandy 
clay marl, from Monkey Hill, Mount Hope Station. 


* 
Genus TRILOCULINA d@’Orbigny, 1826. 


TRILOCULINA TRIGONULA (Lamarck). 
Plate $2, fig. 1. 


Miliolites trigonula Lamarck, Ann. Mus., vol. 5, 1804, p. 351, No. 3. 

Triloculina trigonula v’Orpiany, Ann. Sci. Nat., vol. 7, 1826, p. 299, No. 1, 
pl. 16, figs. 5-9. 

Miliolina trigonula WiLLiAMSon, Rec. Foram. Great Britain, 1858, p. 83, 
pl. 7, figs. 180-182.—H. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 
1884, p. 164, pl. 3, figs. 14-16. 

Description.—Test in apertural view triangular, angles rounded, 
chambers rapidly increasing in size as added, but three visible in* 
adult test; outer wall broadly rounded, in front view oval, sutures 
distinct, aperture not produced, lip and tooth indistinct. 

Length, 0.75 mm. Cat. No. 324726, U.S.N.M. 

A single specimen referable to this species occurred at U.S.G.S. 
5850, in Pleistocene marly material from near Mount Hope, one- 
fourth mile from present sea beach and about 6 to 8 feet above high 
tide. 

This is a common species in shallow water of recent oceans. 

TRILOCULINA TRICARINATA d’Orbigny. 


Plate 32; fig. 2. 


Triloculina tricarinata D’ORBIGNY, Ann. Sci. Nat., vol. 7, 1826, p. 299, No. 7; 
Modéles, No. 94.—H. B. Brapy, Trans. Linn. Soc. London, vol. 24, 1864, 
p. 446, pl. 48, fig. 3. 

Miliolina tricarinata HH. B. Brapy, Rep. Voy. Challenger, Zoology, vol. 9, 
1884, p. 165, pl. 3, figs. 17q@, b. 

Description—tTest differing from 7’. trigonula largely in the an- 
gles, which are acute, the sides concave, at least toward the borders, 
center of the side either flat or slightly convex, in end view rather © 
sharply triangular, in front view oval; neck slightly produced, aper- 
ture rounded, tooth wanting in this specimen. 

Length, 0.60-0.70 mm. 

Four specimens were collected in the Culebra formation at U.S.G.S. 
No. 6025, foraminiferal marl about 200 yards south of southern end 
of switch at Bohio Ridge Station, relocated line, Panama Railroad. 

Two of the four specimens had the neck somewhat elongated, the 
others were more nearly normal in this respect. The specimens were 
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somewhat altered and showed traces of apparently a glauconitic 
interior. 
TRILOCULINA BULBOSA, new species. 


Plate 82, fig. 3. 


Description.—Test from exterior composed of three visible cham- 
bers, the last formed one making the largest part of the test. The 
next to the last about half the size of the last and the first formed 
one very small in comparison, test in end view nearly biloculine, with 
the last formed chamber nearly as wide as the whole test in its great- 
est width, in front view breadth and height about equal, chambers 
very rotund, sutures deep, aperture without a neck, rounded, tooth 
indistinct or wanting. 

Length, about 0.65 mm. 

Type-specimen.—(Cat. No. 324728, U.S.N.M.) from the Gatun 
formation, U.S.G.S. Station 6029a, lowest horizon, one-fourth to one- 
half mile north of Camp Cotton on relocated line Panama Railroad. 
Another specimen was obtained, also in the Gatun formation, at No. 
6030, from fossiliferous marl, from cut on north side of swamp 14 
miles north of Monte Lirio, relocated line of the Panama Railroad. 

In each case a single somewhat glauconitic specimen was obtained. 
The species has the last two chambers developed greatly, the third 
one very small, the whole test appearing almost biloculine. The 
specimens from the two stations were practically identical. 


TRILOCULINA PROJECTA, new species. 
Plate 33, fig. 1. 


Description.—TVest in end view composed of three radially pro- 
jecting portions, the intervening portions deeply concave, in side 
view about as long as wide, sutures somewhat indistinct, periphery 
broadly rounded; wall covered with a thick encrustation of sand 
grains giving the whole exterior a decidedly arenaceous appearance; 
aperture with a slightly projecting neck and phialine lip; apertural 
opening circular, in the specimen figured without a distinct tooth. 

Length 0.75 mm. 

Type-specimen.—(Cat. No. 324729, U.S.N.M.) From gray green, 
fine grained, sandy shell marl from vicinity of Mindi Hill, U.S.G:S. 
No. 6035, Gatun formation. 

This is an interesting modification of this genus, comparable in 
the structure of the test to Quinqueloculina agglutinans d’Orbigny 
and others of the same character. 
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Genus BILOCULINA d@’Orbigny, 1826. 
BILOCULINA BULLOIDES d’Orbigny. 


Plate 33, fig. 2. 


Biloculina bulloides bD’OrBieny, Ann. Sci. Nat., vol. 7, 1826, p. 297, No. 1, 
pl. 16, figs. 14; Modéles, No. 90.—H. B. Brapy, Rep. Voy. Challenger, 
Zoology, vol. 9, 1884, p. 142, pl. 2, figs. 5, 6. 

Description.—Test with but two visible chambers in the adult, in 
end view, each semicircular, in front view elliptical, very rotund, 
inflated, suture distinct; aperture usually nearly circular, somewhat 
produced. 

Length 0.60 mm. Cat. No. 324730, U.S.N.M. 

The only specimen of this species is from the Gatun formation, 
U.S.G.S. 6036, from dark colored, fine grained, sandy clay mar] from 
Monkey Hill, Mount Hope Station. 


Genus SPIROLOCULINA d’Orbigny, 1826. 
SPIROLOCULINA EXCAVATA @Orbigny. 
Plate 31, fig. 2. 


Spiroloculina excavata v’ORBIGNY, Foram. Foss. Bass. Tert. Vienne, 1846, 
p. 271, pl. 16, figs. 19-21.—H. B. Brapy, Rep. Voy. Challenger, Zoology, 
vol. 9, 1884, p. 151, pl. 9, figs. 5, 6. 

Description—Test planospiral, chambers much elongated, thickest 
at the basal end, apertural end slightly produced, central portions 
much excavated, due to the gradual increase in the width of the 
chambers as added; periphery somewhat convex, angles rounded; 
sutures distinct except toward the center; apertural end produced, 
aperture rounded; tooth wanting in our specimen. 

Length 14mm. Cat. No. 324731, U.S.N.M. 

Specimens were obtained at Station No. 5850, in marl of Pleisto- 
cene, Mount Hope, Canal Zone, by D. F. MacDonald. 


Genus ORBICULINA Lamarck, 1816. 
ORBICULINA ADUNCA (Fichtel and Moll). 


Plate 33, fig. 3. 


Nautilus orbiculus FichtEL and Mott, Test. Micr., 1803, p. 112, pl. 21. 
Orbiculina adunca LaMarcK, Tabi. Hncyel. et Méth., 1816, pl. 468, figs. 
2a-c.—H. B. Erapy, Rep. Voy. Challenger, Zoology, vol. 9, 1884, p. 208, 
pl. 14, figs. 1-138. 
Description.—Test planospiral, chambers very long, divided into 
simple chamberlets, sides with alar projections extending nearly to 
the umbilicus, sutures distinct; apertures numerous, peripheral. 
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Diameter 1.6mm. Cat. No. 324732, U.S.N.M. 
A few specimens were obtained from U.S.G.S. 5850, from Pleisto- 
- cene marl near Mount Hope, about one-fourth mile from present 
sea beach and about 6 to 8 feet above high tide. 


EXPLANATION OF PLATES. 
PLATE 19. 


Fic. 1. Textularia abbreviata @Orbigny. xX 50. a, apertural view; 6b, front 
view. 

2. Textularia sagittula Defrance. X 80. a, apertural view; b, front view. 

8. Textularia agglutinans d@Orbigny. X 50. a, apertural view; b, front 


view. 
4, Textularia laminata, new species. X 80. a, apertural view; 0b, front 
view. 
5. Textularia subagglutinans, new species. X 35. a, apertural view; 5b, 
front view. 
6. Textularia carinata d@’Orbigny. X 50. a, apertural view; 6, front view. 
Prate 20. 
Fig. 1. Textularia panamensis, new species. X 65. @, aperture view; 0, front 
view. 


iw) 


. Chrysalidina pulchella, new species. X 110. a, apertural view; b, 
viewed from flat side; c, viewed from angle. 
8. Gaudryina trianguiaris Cushman. X 385. a, apertural view; b, front 
view. 
4, Gaudryina flintii Cushman. X 50. 
5. Clavulina parisiensis d’Orbigny. X 85. 
6. Clavulina communis @Orbigny. XX 35. 


PLATE 21. 


Wie. 1. Bolivina, species. X 65. 
2. Bolivina aenariensis (Costa). X 65. 
3. Bolivina cf. B. punctata @Orbigny. X 65. 
. Bolivina robusta H. B. Brady. X 185. 
. Bigenerina nodosaria QOrbigny. X 27. a, apertural view; 6, front 
view. 
. Virgulina squamosa dOrbigny. X 65. 
. Lagena striata (d’Orbigny), var. strwmosa Reuss. X 65. 
. Nodosaria communis @Orbigny. X 65. 
. Nodosaria cf. N. insecta Schwager. X 35. 
. Nodosaria raphanistrum (Linnaeus). X 35. 
. Nodosaria, species ? X 85. 


PLATE 22, 


or 


aS carl 


Fic. 1. Cristellaria rotulata (Lamarck). X 35. 

. Cristellaria protuberans, new species. X 65. 

. Cristellaria vaughani, new species. X 65. 

. Uvigerina nygmaea VOrbigny. X 65. 

Uvigerina canariensis d’Orbigny. XX 65. 

Uvigerina canariensis d’Orbigny var. XX 65. 

. Uvigerina tenuistriata Reuss. X 65. 

. Siphogenerina raphanus (Parker and Jones) var. transversus, new 
variety. XX 35. 
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. Truncatulina americana, new species. a, dorsal view; b, ventral view; 


. LTruncatulina pygmea Hantken. «, dorsal view; 6, ventral view; ¢, pe- 


. Truneatulina ungeriana (VOrbigny.) ™ 65. 

. Truncatutina ct. T. pygmea Hantken. X 383. 

. Truncatulina wuellersiorfi (Schwager). 50. 

. Truncatulina culebrensis, new species. X 38. a, dorsal view; 0, pe- 
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Discorbis obtusa (d’Orbigny). «@, dorsal view; b, ventral view; c¢, pe- 
ripheral view. X 65. 


c, peripheral view. X 65. 
ripheral view. X_ 65. 


PLATE 24. 


ripheral view. 


. Siphonina reticulata (Czajzek). X 65. 
. Pulvinulina sagra (@Orbigny). X 65. a, dorsal view; 6b, ventral view. 


PLATE 25. 


. Pulvinulina concentrica Parker and Jones. X 85. 

. Pulvinulina menerdii (VOrbigny). xX 65. 

. Pulvinulina menardii (d’Orbigny). X 65. 

. Pulvinulina, species ? X 65. 

. Nonionina depressula (Walker and Jacob). X 65. «a, side view; J, 


apertural view. 


. Nonionina scapha (Fichtel and Moll). X 65. «@, side view; 6, aper- 


tural view. 
PLATE 26. 


Nonionina panamensis, new species. X 65. «@, side view; 0, aperturai 
view. 


. Nonionina anomalina, new species. X 65. a, side view; 0, apertural 


view. 


. Polystomella striato-punctata (Fichtel and Moll). X 65. «a, side view; 


b, apertural view. 


. Polystomella striato-punctata (Fichtel and Moll). X 65. a, side view; 


b, apertural view. 


. Potystomella sagra d’Orbigny. X 65. a, side view; 6, apertural view. 


PLATE 27. 


Polystomella macella (¥Wichtel and Moll). X 65. a, side view; 6, aper- 
“tural view. 


. Polystomella crispa (Linnaeus). X 35. a, side view; 6, apertural view. 
. Polystomelia craticulata (Fichtel and Moll). X 50. a, side view; b, 


apertural view. 


. Quinqueloculina seminulum (Linnaeus). X 65. a, rear view; b, aper- 


tural view. 


Fie. 1. 


Fie. 1. 


Fre. 1. 


Fie. 1. 


F1e. 1. 


Fie. 1. 
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PLATE 28. 


Quinqueloculina seminulum (Linnaeus). X 65. a, front view; b, rear 
view; c, apertural view. 


. Quinqueloculina seminulum (Linnaeus). X 180. a, front view; b, rear 


view; c, apertural view. 
Quinqueloculina seminulum (Linnaeus) var. X 65. a, front view; Bb, 
rear view; ¢, apertural view. 


PLATE 29. 


Quinqueloculina seminulum (Linnaeus) var. X 80. a, front view; b, 
rear view; c, apertural view. 


. Quinqueloculina contorta d’Orbigny. X 65. a, front view; b, rear view; 


c, apertural view. 


. Quinqueloculina auberiana d’Orbigny. * 65. a, front view; 0b, rear 


view; ¢c, apertural view. 
PLATE 30. 


Quinqueloculina undosa Karrer. X 50. a, front view; 0, rear view; c, 
apertural view. 

Quinqueloculina bicornis (Walker and Jacob). X 65. a, front view; b, 
rear view; c, apertural view. 


. Quinqueloculina bicornis (Walker and Jacob)?. X 50. a, front view; 


b, rear view. 
PLATE 31. 


Quinqueloculina panamensis, new species. X 65. a, front view; b, rear 
view; ¢, apertural view. 


. Spiroloculina excavata d’Orbigny. X 40. a, front view; 0b, apertural 


view. 
Sigmoilina asperula (Karrer). X 65. a, front view; b, apertural view. 


. Sigmoilina tenius (Czjzek). X 65. a, front view; b, rear view; c, aper- 


tural view. 
PLATE 32. 


Triloculina trigonula (Lamarck). X 65. a, front view; b, side view; 
ce, apertural view. 


. Triloculina tricarinata @Orbigny. xX 65. a, rear view; 6, side view; e, 


apertural view. 


. Triloculina bulbosa, new species. X 65. a, rear view; b, side view; c, 


apertural view. 
PLATE 33. 


Triioculina projecta, new species. X 65. a, front view; b, rear view; 
ce, apertural view. 


. Biloculina bulloides d’Orbigny. X 65. a, front view; 0b, side view; 


c, apertural view. 


. Orbiculina adunca (Fichtel and Moll). *X 380. 
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THE LARGER FOSSIL FORAMINIFERA OF THE PANAMA 
CANAL ZONE. 


By JoserpH AUGUSTINE CUSHMAN, 
Of the United States Geological Survey. 


INTRODUCTION. 


The foraminifera, especially the larger forms of the orbitoids, have 
been little used in America as critical index fossils, except in the 
Vicksburg group; but in Europe, Asia, and the East Indies they 
have long been used to distinguish horizons. In many geologic 
papers one finds Orbitoides mentioned, probably Orbitoides mantella 
Morton, and occasionally O. dispansus, O. forbesi, etc. From a crit- 
ical study of the group it soon becomes evident that such identifica- 
tions as have been made of American orbitoids, except those of 
Lemoine and Douvillé, have been largely superficial, and are there- 
fore of little value. Since the earlier work of Giimbel the orbitoid 
foraminifera have with further study been divided largely into the 
four genera Orbitoides, Orthophragmina, Lepidocyclina, and Mio- 
gypsina, in general respectively characterizing Cretaceous, Eocene, 
Oligocene, and Miocene formations, but with important exceptions. 
The American forms, with the exception of the work of Lemoine and 
Douvillé, have not been properly referred to their respective genera, 
although our American Orbitoides mantelli, described by Morton as 
Nummulites mantelli in 1833, is the type-species of Lepidocyclina. 
In their work on Lepidocyclina Lemoine and Douvillé? describe two 
new American species, L. canellei and L. chaperi, from the Panama 
Canal Zone, figuring also for the first time the critical chambers of 
L. mantelli (Morton). These are all the American species that are 
given, although they call attention to the apparently superficial char- 
acter of the references to Orbitoides in American geologic papers. 
Schlumberger, in his classic works on the genera Orbitoides and 
Orthophragmina, did not have American material. The American 


1 Sur le Genre Lepidocyclina Giimbel, Mém. Soc. Géol. France, Paléontologie, Mem. 32, 
1904. 
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field is therefore practically unworked, and the description of our 
species with accurate stratigraphic information is of prime impor- 
tance, as they have been proved elsewhere to be of great use as index 
fossils. 

The collections now in my hands represent the Canal Zone, the 
West Indies, and Coastal Plain Province of the eastern and south- 
ern United States. Excellent material was collected in the Panama 
Canal Zone by T. Wayland Vaughan and D. F. MacDonald, and 
is here presented as a beginning in the determination and figuring 
of the American species. This will be followed by papers on the 
West Indian and Coastal Plain species which now, owing to the care- 
ful collecting by Doctor Vaughan and his associates, are represented 
by excellent suites of specimens covering broad ranges, both geo- 
graphically and stratigraphically. As these are gradually worked up 
there will be a mass of data which should be of excellent service in 
the correlation of horizons where these groups are represented, even 
in the absence of Mollusca and other groups of fossils. 

The systematic descriptions of the species of Lepidocyclina, Num- 
mulites, and Orbitolites follow, together with that of a genus and 
species believed to be new. 


LIST OF SPECIHS AND THEIR GEOLOGIC OCCURRENCE. 


Lepidocyclina canellet Lemoine and Douvillé. Oligocene, Culebra 
formation, stations 6019a, Gaillard Cut; 6023, Rio Frijol; 6027, 
Bohio (old station) ; 6891; Bailamons; 6892, 450 feet south of 
switch at Mamei. Also Oligocene of Trinidad. 

Lepidocyclina chaperi Lemoine and Douvillé. Oligocene, Culebra 
formation, stations 60197, Las Cascadas; 6025, Bohio Ridge 
switch. 

Lepidocyclina vaughani, new species. Oligocene, Emperador lime- 
stone, stations 6021 and 6673, near Caimito Junction; 6255, half 
mile south of Miraflores Station. 

Lepidocyclina macdonaldi, new species. Oligocene, station 6523, 2 
miles north of David. 

Lepidocyclina panamensis, new species. Oligocene?, stations 6512, 
river bed, David; Oligocene, 6586¢ and 6587, near mouth of 
Tonosi River; probably at 6010, near Miraflores Locks, and 
60124 and 6012e in Gaillard Cut, in the Culebra formation; 
doubtfully in the Emperador limestone, at station 6015, Empire. 

Lepidocyclina duplicata, new species. Oligocene, stations 6528, 
2 miles north of David; and 6586e, near mouth of Tonosi River. 

Heterosteginoides panamensis, new species. Oligocene, Culebra for- 
mation, stations 6011, Gaillard Cut; 6024a, Rio Agua Salud; 
6025, Bohio Ridge switch. Emperador limestone, stations 6018, 
6016, quarries at Empire. 
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Orthophragmina minima, new species. Oligocene ?, station 6512, 
river bed, David. 

Nummulites panamensis, new species. Oligocene, Culebra forma- 
tion, stations 6024a, Rio Agua Salud; 6025, Bohio Ridge switch; 
doubtfully at 6026, 2 miles south of Monte Lirio. 

Nummulites davidensis, new species. Oligocene?, stations 6512, river 
bed, David; 6526, Chiriqui. 

Orbitolites americana, new species. Oligocene, Culebra formation, 
Gaillard Cut at stations 60138, 60190, and 60202. 


DESCRIPTIONS OF SPECIES. 


Family NUMMULITIDAE. 
Genus LEPIDOCYCLINA. 
LEPIDOCYCLINA CANELLEI Lemoine and Douvillé. 
Plate 34, figs. 1-6. 


Lepidocyclina canellet LEMOINE and Dovuvin~~tt®, Mém. Soe. Géol. France, 
Paléontologie, Mém. 32, p. 20, pl. 1, fig. 1; pl. 3, fig. 5, 1904. ~ 

Test comparatively small, diameter of largest specimens slightly 
less than four millimeters, thickness a little more than one-fourth the 
diameter; circular in outline, central portion somewhat raised and 
evenly rounded, near the periphery flattened or even slightly con- 
cave; surface in well preserved specimens finely granular or even 
finely papillate, but not strongly so, often appearing smooth to the 
unaided eye. In worn specimens the surface appears as a series of 
regular hexagonal, honeycomb-like reticulations due to the edges 
of the lateral chambers. 

In vertical section the lateral chambers are seen to be arranged in 
vertical columns, one directly above the other, from the equatorial 
chambers to the surface, about twelve chambers in each vertical col- 
umn in the central region, the lateral walls hardly thicker than the 
upper or lower surfaces. Chambers of adjacent columns arranged 
alternately, no distinct columns present. Equatorial chambers grad- 
ually increasing in size toward the periphery, single throughout, ex- 
tending peripherally beyond the lateral chambers and in surface view 
in well-preserved specimens appearing as a hexagonal reticulation. 
Embryonic chambers nearly equal in size, nearly semicircular in sec- 
tion, their common wall straight. 

Horizontal section showing the equatorial chambers regularly 
hexagonal, those toward the periphery largest. Embryonic cham- 
bers similar to those shown in the vertical view. 

Occurrence.—Lemoine and Douvillé described and figured this 
species from Panama, from Pefiablanca, also noting it from Mar- 
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tinique and Angola. The species from Panama was recorded by 
Dall and by Bagg as Orbitoides forbesi Carpenter. 

Cat. No. 185216, U.S.N.M., is Lepidocyclina canellei Lemoine and 
Douvillé. Figures 1, 4-6, on plate 34 are from this material, col- 
lected by Hill at Bohio, Panama, where it is very abundant. This 
is the same locality as station 6027 of Vaughan and MacDonald, 
orbitoidal marl, a quarter of a mile northwest of Bohio railroad 
station. In this material Z. canellei is very abundant and makes up 
a considerable proportion of the marl. Parts of five specimens, close 
to one another, are visible in a small part of a section from this 
station. 

Specimens in the collection of the United States National Mu- 
seum, Catalogue No. 107158, from the Oligocene of Trinidad (“ Leda 
bed,” Naparima) collected by Guppy, are also very evidently Lepido- 
cyclina canellet. 

Specimens of L. canellei were also very abundant at station 6891, 
foraminiferal limestone from Bailamonas, Canal Zone, collected by 
D. F. MacDonald. 

There is a limestone from station 6892, 450 feet south of switch 
at Mamei, Canal Zone, also collected by MacDonald, which contains 
numerous specimens of a Lepidocyclina in general shape in section 
resembling ZL. canellez, but the material is very cherty and the finer 
structure is not well, preserved. 

A few small weathered specimens from 6019a, Gaillard Cut, oppo- 
site Las Cascadas, seem to belong to this species also; and specimens 
were also obtained at station 6023, along the relocated line of the 
Panama Railroad, at Rio Frijol. The geologic occurrence is in the 
Culebra formation. 

Cat. Nos. 324733-5, U.S.N.M. 


LEPIDOCYCLINA CHAPERI Lemoine and Douvillé. 
Plate 35, figs. 1-3; plate 36. 


Lepidocyclina chaperi LEMOINE and DovuviLtLtr, Mém. Soc. Géol. France, 
Paléontologie, Mém. 32, p. 14, pl. 2, fig. 5, 1904. 

Test of medium size, diameter from 8 to 20 millimeters, circular in 
outline, somewhat saddle-shaped, central portion slightly thickened, 
thence gradually and evenly thinning toward the periphery; surface 
where well preserved slightly papillate, usually roughened by ero- 
sion, toward the periphery often somewhat reticulately depressed 
above the equatorial chambers. 

Vertical section usually curved, lateral chambers numerous, 
breadth much greater than height, columns separated by distinct 
pillars, comparatively few except in the central region where there 


1 Hill, Geology of Panama, Bull. Mus. Comp. Zéol., vol. 28, pp. 272, 275, 1897. 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 93 


are a few larger than the others; embryonic chambers of the double 
type, the two chambers nearly equal in size and separated by a 
straight common wall. 

Horizontal section shows similar conditions of the embryonic 
chambers and distinctly hexagonal equatorial chambers. 

Occurrence—Lemoine and Douvillé described this species from 
Panama (Haut-chagres, San Juan). The figured specimens are from 
United States Geological Survey station 6025, Culebra formation, 
from marl, south end of Bohio Ridge switch, relocated line, Panama 
Railroad, collected by Vaughan and MacDonald. 

Specimens from station 6019-7, Culebra formation, on the west 
side of Gaillard Cut near Las Cascadas, seem to represent the micro- 
spheric form of this species. The sections are shown in plate 35, 
figure 3, and plate 36. 

A specimen from station 6526, Chiriqui, Canal Zone, shows a sec- 
tion which from its general proportions strongly suggests L. chaperi. 


Cat. Nos. 324736-8, U.S.N.M. 
LEPIDOCYCLINA VAUGHANI, new species. 
Plate 37, figs. 1-5; plate 38. 


Test of medium size, 10 millimeters or more in diameter, flat, sur- 
face somewhat umbonate in the central portion, gradually sloping to 
the peripheral portion, the outer haif of which is nearly flat. Wall 
smooth except for fine papillae. 

Horizontal section shows the peculiarity of the chambers, many of 
which, especially those of the outer peripheral portion are rhomboid, 
those of the inner portion being more typical and hexagonal. These 
are shown especially well on the sections of the larger specimens, 
those of the smaller specimens showing only the regular hexagonal 
character of the earlier chambers. 

No very good vertical sections were obtained in the thin seater 
but several “eae sections show the characters well. The em- 
bryonic chambers are rather large, of the usual American type, of 
two nearly equal chambers, lateral chambers in vertical columns 
with a very few, rather well developed pillars. 

Occurrence.—Type-specimen from station 6021, from the Empera- 
- dor Limestone in cuttings of the Panama Railroad near Caimito 
Junction, Panama, United States National Museum Catalogue No. 
324739, collected by T. W. Vaughan and D. F. Mac Donald. Speci- 
mens were abundant in this hight gray to cream-colored sandy lime- 
stone. Specimens were also abundant in the collection from the same 
locality collected later by MacDonald under station No. 6673. Speci- 
mens which are apparently the same species are abundant in a fos- 
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siliferous limy sandstone collected by MacDonald at station No. 
6255 from half a mile south of Miraflores Station on the wagon road 
to Panama. ; 


LEPIDOCYCLINA MACDONALDI, new species. 


Plate 40, figs. 1-6. 


Test circular, rather small, about 5 to 7 millimeters in diameter, 
thickest in the central region, thence gradually sloping to the 
periphery which for a short distance in from the edge is nearly flat; 
wall rather smooth except the central portion of the umbonal region, 
which has a few pustule-like raised spots at the surface end of the 
vertical pillars. 

Vertical section shows the test widest in the middle, gently sloping 
to near the periphery where the edges are nearly parallel for a short 
distance to the peripheral edge or even slightly increasing in thick- - 
ness. Lateral chambers in the central portion in definite vertical 
columns, occasionally slightly overlapping. Equatorial chambers 
not increasing very rapidly in height in megalospheric specimens, 
those at the periphery hardly more than double the height of those 
near the center of the test; embryonic chambers in the megalospheric 
form, large, usually of two nearly equal chambers, but in oblique cut- 
ting these may appear somewhat unequal, plate 40, figures 2 and 3. 

Horizontal sections show chambers somewhat similar to JZ. 
vaughani but with the inner half of two walls at nearly right angles, 
the outer wall broadly rounded. The oblique section (pl. 40, fig. 6) 
shows the pillars. 

Occurrence.—Type-specimens from station 6528, from orbitoidal 
limestone, 2 miles north of David, Panama, collected by D. F. Mac- 
Donald, U. S. National Museum Catalogue No. 324740. Specimens 
were abundant at this station, occurring with ZL. panamensis and L. 
duplicata. The species were also collected by MacDonald at station 
6512, in the river bed at David. 


LEPIDOCYCLINA PANAMENSIS, new species. 


Plate 389, figs. 1-6; plate 42. 


Test circular, small, central portion very strongly umbonate, thick, 
rapidly decreasing in thickness peripherally, the peripheral portion © 
thin and flattened, the raised central portion only one-third to one- 
fifth the entire diameter, which ranges from three to six millimeters; 
occasional specimens, perhaps representing the microspheric form, 
up to 10 or 12 millimeters in diameter; surface smooth except for 
the unbonal portion which has a few large pustule-like projections 
marking the ends of the internal pillars. 
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The vertical section shows very peculiar embryonic chambers in 
that they do not exhibit the usual characters of American species, but 
have a broad and much flattened central chamber two to four times 
as broad as high with a compressed. partially encircling chamber, 
which in section is usually cut on the opposite sides of the central 
chamber. In some cases there seems to be an irregular mass of three 
or four more or less nearly spherical chambers. In the former case 
these central chambers in section are nearly as wide as the whole 
umbonal portion of the test. Lateral chambers, usually about twice 
as wide as high, the outer wall often somewhat arched toward the 
exterior of the test, arranged in vertical columns. Pillars not dis- 
tinct except in the central portion where there are a few strong ones 
increasing rather rapidly in diameter toward the periphery, usually 
about 9 or 10 chambers in a vertical column in the center of the 
umbilical region. The peripheral region has only a thin coating of 
lateral chambers, the last formed layer present only on the outer 
half of the periphery and often none at all present on the last quar- 
ter of the test toward the periphery, the surface being made up by 
upper and lower walls of the equatorial chambers. Equatorial cham- 
bers numerous, comparatively broad, the peripheral wall convex out- 
wardly toward the periphery, the chambers at least as wide as high. 

In horizontal section the equatorial chambers are usually some- 
what irregularly hexagonal near the center, toward the periphery 
more or less rhomboid with the outer peripheral wall curved. 

As far as described material is concerned this is an unusual form 
for American species of Lepidocyclina, especially in its embryonic 
chambers. 

Occurrence.—Type-specimen, vertical sections, U. S. National 
Museum Catalogue No. 324741. The species is fairly abundant at 
stations 6586e and 6587 from near the mouth of Tonosi River, 
Panama, D. F. MacDonald, collector. It was also collected by Mac- 
Donald at station 6512, river bed, David. 

At stations 6010, 600 or 700 feet south of the Miraflores Locks, and 
6012a@ and 6012c, south of Empire Bridge, in the Culebra formation, 
specimens of small orbitoids occur, but they are not sufficiently well 
preserved for positive identification. Although those from the latter 
station seem somewhat like Z. panamanensis in their thin borders 
and raised center with papillae, they can not be specifically identified 
with certainty. At other stations poorly preserved orbitoid fo- 
raminifera occur, but their specific identity can not be accurately 
determined. Specimens doubtfully referable to LZ. panamensis were 
obtained in the Emperador limestone, at station 6015, Empire. 
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MULTICYCLINA, new subgenus. 


Subgenus differing from typical Lepidocyclina in the equatorial 
chambers which instead of being in a single series become complex 
toward the periphery and may consist of several series. 

Type of the subgenus.—Lepidocyclina duplicata Cushman. 


LEPIDOCYLINA DUPLICATA, new species. 


Plate 41, figs. 2-4. 


Test of medium size, 10 to 14 millimeters in diameter, very much 
thickened in the umbeonal region, usually the thickness about one-half 
the diameter; without the flattened periphery the central portion 
is subspherical, thinning rapidly toward the periphery, then thick- 
ening again at the margin, which is often doubly plicate in the best 
preserved specimens. Surface of the umbonal portion studded with 
numerous fine papillae marking the surface terminations of the pil- 
lars, peripheral portion nearly smooth. 

Vertical section showing the embryonic chambers as very small, 
apparently microspheric in the specimens sectioned, appearing spiral 
as is usual in the microspheric form. Lateral chambers numerous, 
flattened or lenticular, the numerous pillars as wide as or wider than 
the intermediate columns of chambers, especially in the central por- 
tion, rapidly increasing in size toward the surface. Equatorial 
chambers very small near the center, gradually increasing in size 
toward the periphery where they become multiple instead of single 
as is usually the case, and make three or four vertical series, each 
with numerous fine apertural pores on the outer convex wall. 

Horizontal section shows the increase in size of the equatorial 
chambers which toward the center seem hexagonal and toward the 
periphery almost rhomboid with the outer half convex. 

Of somewhat similar character as far as the duplication of equa- 
toral chambers is the species described by Martin from Java, L. 
multipartita (Martin), and the form described by Jones and Parker 
from Christmas Island, Z. insulae natalis, var. inequalis (Jones and 
Parker). 

Occurrence —Type-specimen, U. S. National Museum, Catalogue 
No. 324742. Specimens were very abundant, weathered out of an or- 
bitoid Limestone, at Station 6523, 2 miles north of David, Panama, 
D. F. MacDonald, collector. They also occur with other species of 
Lepidocyclina at Station 6586e from near the mouth of Tonosi River, 
D. F. MacDonald, collector. 
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HETEROSTEGINOIDES, new genus. 


Test generally lenticular, somewhat excentric, one side extended 
peripherally more than the other, chambers rather coarsely per- 
forate, embryonic chambers, often two, of nearly equal size, thick 
walled, chambers added as in Heterostegina, in a revolving series ex- 
tending from the umbonal region on both sides to the periphery, 
chambers hemispherical, the outer side strongly convex and all 
coarsely perforate, the equatorial chambers larger than the lateral 
ones and nearly spherical. 
Type of the genus.—Heterosteginoides panamensis, new species. 


HETEROSTEGINOIDES PANAMENSIS, new species. 


Plate 43, figs. 1-8. 


Test biconvex, somewhat more strongly convex on one side than on 
the other, revolving edge indistinct, surface unevenly rugose, or ir- 
regularly pustulate, thickest in the umbonal region. Vertical section 
showing the embryonic chambers as an equal pair of nearly spherical, 
thick-walled chambers, equatorial chambers also nearly spherical, 
lateral chambers hemispherical with the curved side outermost, ir- 
regularly piled above the equatorial chambers. Horizontal section 
showing the central chambers with the equatorial chambers arranged 
im an irregular semi-spiral manner about them. 

Test small, between 1 and 2 millimeters in diameter. Cat. Nos. 
3247434, U.S.N.M. 
~ Occurrence—This species was abundant in the Culebra formation 
at station 6025, from marl, south end of Bohio Ridge switch, relo- 
cated line, Panama Railroad, collected by Vaughan and MacDonald. 
There are also numerous specimens at station 6011, Culebra forma- 
tion, along east side of Gaillard Cut, collected by Vaughan and Mac- 
Donald. It was also collected in the Culebra formation at station 
6024—a, Rio Agua Salud, and is doubtfully present in the Emperador 
limestone at stations 6015 and 6016, in Empire. 

This species, which in external appearance somewhat resembles a 
small orbitoid or nummulite, may be distinguished from most species 
of either group by its comparatively coarse pustulate exterior. In 
section it can easily be recognized by its peculiar structure. 


Genus ORTHOPHRAGMINA. 
ORTHOPHRAGMINA MINIMA, new species. 
Plate 41, fig. 1. 
Test circular, very small, slightly more than 2 millimeters in 


diameter, thickness somewhat less than half the diameter, central 
portion very strongly umbonate, evenly rounded to a point about 
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two-thirds of the distance from the center to the periphery, from 
which point to the periphery the surface is nearly flat; surface of 
the test comparatively smooth. | 

Horizontal section through the equatorial chambers shows very 
fine rectangular chambers and the embryonic chambers nearly equal 
in size. 

Vertical section (fig. 1) shows well the contour of the test in this 
section, the strongly curved central umbonate portion making up 
two-thirds or more of the width and the peripheral flange with its 
nearly parallel sides. The chambers are very small, except the 
embryonic central chambers, which are nearly equal and have a 
straight division line between them. The lateral] chambers are in 
vertical columns, but the test is without pillars. In the central region 
there may be more than 20 chambers in a vertical column, and even 
on the peripheral flange there are usually three or four in a column 
on each side of the equatorial chambers. 

Occurrence.—Type-specimen—the vertical section here figured. 
Collection of the U. S. National Museum Catalogue No. 324745. 

The species is abundant at United States Geological Survey sta- 
tion 6512 in the white limestone, in the river bed above the ice plant 
near David, Panama, collected by D. F. MacDonald. 

This is a very small species yet it has an abundance of very fine 
chambers. There is an exceptional development of lateral chambers 
in the region of the periphery. 


Genus NUMMULITES. 
NUMMULITES PANAMENSIS, new species. 
Plate 48, figs. 9, 10. 


Test small, about 14 millimeters in diameter, much compressed, 
chambers very numerous, about 22 in the last formed coil, each “in 
section two to three times as high as long, test of about four whorls, 
walls comparatively thick, whole test lenticular, peripheral margin 
broadly rounded, central portion nearly flat. 

Occurrence.—Specimens occur with some frequency in the Culebra 
formation at station 6025, in marl, south end of Bohio Ridge switch, 
relocated line, Panama Railroad, collected by Vaughan and Mac- 
Donald. ‘Type-specimen, U. S. National Museum Catalogue No. 
324746. The species was also collected in the Culebra formation at 
station 6024-a, Rio Agua Salud, and doubtfully at station 6026, 2 
miles south of Monte Lirio, on the relocated line of the Panama 
Railroad. 


NUMMULITES DAVIDENSIS, new species. 
Plate 43, fig. 11. 


Test comparatively small, about 34 millimeters in diameter, some- 
what compressed, chambers about twice as high as long in median 
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sections, test of three or four whorls, walls of medium thickness, 
the upright wall rather strongly recurved backward in the central 
portion, 15 or 16 chambers in the last formed whorl. 

Occurrence.—Specimens were not common at station 6512 from 
white limestone in river bed above ice plant near David, Panama, 
collected by D. F. MacDonald. 

Type-specimen.—Cat. No. 324751, U.S.N.M. 

In material from station 6526 from Chiriqui, Canal Zone, col- 
lected by MacDonald, numerous specimens occur which in section 
seem identical with this species. 


Family MILIOLIDAE. 
Genus ORBITOLITES. 
ORBITOLITES AMERICANA, new species. 
Plate 48, figs. 12-14; plate 44, figs. 1, 2; plate 45. 


Test flat, of medium size, larger specimens about 10 millimeters 
in diameter, chambers with the outer wall strongly convex, the inner 
wall running backward and bluntly pointed, side walls parallel, 
chambers in two or more tiers; tests mostly microspheric, one (pl. 43, 
fig. 14) apparently megalospheric, and one (pl. 44, fig. 2) seemingly 
originating from a fragment of an older test. Numerous specimens, 
especially plate 45, figure 1, show evidence of breakage and repair. 
The apertures between the chambers are not evident, as the material 
largely consists of internal casts of the chambers. Some of the 
specimens suggest the genus Presorites of the Cretaceous described 
by Douvillé, but this is probably due to the condition of fossilization. 

Occurrence.—Specimens which seem referable to this species are 
from the following stations at Panama, collected by Vaughan and 
MacDonald: Culebra formation, 6013, east side of Gaillard Cut; 
60196, 6019-e-f, west side of Gaillard Cut near Las Cascadas; and 
6020a—c of the same section. Also collected in the Emperador lime- 
stone at station 6015, in Empire. 

Type-specimen.—Cat. No. 324748, U.S.N.M., from station 6020q. 


EXPLANATION OF PLATES. 
PLATE 34. 
Lepidocyclina canellei Lemoine and Douvillé. 


Fig. 1. View of exterior of specimen X 10, a portion of a second specimen show- 
ing above the first, from Bohio, Panama. (U.S.N.M. Cat. No. 135216.) 
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. Horizontal section X 10, showing embryonic chambers and hexagonal 


equatorial chambers, from west side of Gaillard Cut near Las Cas- 
cadas (U.S.G.S. station 6019a). 


. Horizontal section showing hexagonal equatorial chambers and irregu- 


larities in the annuli due to repairs of breakage. a X 10; b X 20. 
Same locality as No. 2 above. 


. Slightly oblique section X 20, showing narrow zone of equatorial cham- 


bers and two broader zones of lateral chambers, the latter with a very 
evident lack of pillars. Same locality as No. 1 above. 


. Vertical section at one side of embryonic chambers showing general 


eharacters of equatorial and lateral chambers X 20. Same locality 
as No. 1 above. 


. Vertical section through the embryonic chambers showing the two 


nearly equal chambers with the straight wall dividing the two, X* 20. 
Same locality as No. 1 above. 


PRATH 35. 
Lepidocyclina chaperi Lemoine and Douvillé. 
Exterior view of specimen X 5. Specimen broken, From upper part 


of Culebra formation, from Panama Railroad, southern switch. Bohio 
Ridge, in light-colored limy sandstone (U.S.G.S. station 6025). 


. Exterior view of small, more complete specimen from same locality as 


the preceding, X 5. 


. Horizontal section showing early chambers of the microspheric form of 


the species, X 20. Krom west side of Gaillard Cut near Las Cascadas 
(U.S.G.S. station 60197). 


PLATE 36. 


Lepidocyclina chaperi Lemoine and Douvillé. 


Horizontal section X 10, showing early central chambers and hexagonal 
chambers of the equatorial region (U.S.G.S. station 6019f). 


Fig. 1. 


PLATE 37. 
Lepidocyclina vaughani, new species. 
View of exterior of specimen X 5, with flat periphery and umbonate 


center, from limy sandstone half a mile south of Miraflores Station, 
on wagon road to Panama (station 6255). 


. Horizontal section of young specimen with regularly hexagonal equa- 


torial chambers X 20 (same locality as No. 1). 


. Oblique section X 20, with narrow zone of regularly hexagonal equa- 


torial chambers and broader zones of lateral chambers and a straight 
division wall (same locality as No. 1). 


. Specimen showing zone of equatorial chambers about peripheral por- 


tion, lateral chambers covering them in the center X 10. From lime- 
stone in cut of relocated line of Panama Railroad opposite San Pablo 
and about 4 miles north of Gamboa bridge (station 6673). 


. Portion of vertical section (slightly oblique) through the embryonic 


chambers, X 20 (same locality as No. 1). 
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PLATE 388. 
Lepidocyclina vaughani, new species. 


Specimen X 20, showing peripheral zone cut through the equatorial chambers 
and central portion covered by lateral chambers. From limestone in cut of re- 
located line of Panama Railroad opposite San Pablo and about 4 miles north 
of Gamboa bridge (station 6673). 


PLATE 39. 
Lepidocyclina panamensis, new species. 


Fie. 1. Very young specimen in vertical section consisting of embryonic cham- 
bers and one or two following chambers, X 20. 
2-4. Vertical sections with broad embryonic chémbers and showing the rela- 
tion of equatorial and lateral chambers, vertical columns of lateral 
chambers with intermediate pillars, X 20. 
5. Oblique section with zone of hexagonal equatorial chambers, X 20. 
6. Section of rock with six specimens lying closely adjacent, four of these 
cut through the embryonic chambers, X 20. 
All specimens from near the mouth of Tonosi River, Panama (station 
6586e). 


PLATE 40. 
Lepidocyclina macdonaldi, new species. 


Fic. 1. Exterior view of specimen, X 10, showing pillars appearing at the 
surface as raised area. 

2-5. Vertical sections (slightly oblique) through the embryonic chambers, 
which when cut in plane at right angles to division wall show nearly 
equal chambers with the division wall straight or very slightly 
curved. Pillars evident, especially in Nos. 2 and 5. X 20. 

6. Oblique section, X 20, showing zone of ‘“ lozenge-shaped ” equatorial 
chambers with lateral chambers on each side. The upper series 
showing the cut sections of pillars. 

All specimens from limestone 2 miles north of David, Panama (station 6523). 


PLATE 41. 
Orthophragmina minima, new species. 


Wig. 1. Vertical section, X 20, showing general outline and numerous very fine 
chambers. From white limestone in river bed above ice plant, David, 
Panama (U.S.G.S. station 6512). 


Lepidocyclina duplicata, new species. 


2. Exterior view of type, X 5, showing raised center and depressed area 
inside the raised periphery. 

3. Portions of vertical section showing great increase in width of equa- 
torial zone, multiplication of chambers toward the periphery, heavy 
pillars and wide lateral chambers. XX 20. 
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4. Portion of oblique section showing narrow zone of “ lozenge-shaped ”’ 
equatorial chambers, perforations of peripheral wall of outer equa- 
torial chambers and perforated pillars among the lateral chambers. 
xX 20. 

All specimens of ZL. duplicata from limestone, 2 miles north of David, Panama 
(station 6523). 


PLATE 42. 


Section of limestone from station 6523, 2 miles north of David, showing nu- 
merous specimens of Lepidocyclina, X 20. Left center, L. panamensis with 
broad embryonic chambers; lower middle L. macdonaldi with subspherical em- 
bryonic chambers; at right a portion of L. duplicata. 


PLATE 48. 
Sn ARE : : 
Heterosteginoides panamensis, new genus and new species. 


Fig. 1,2. External view of specimens, < 10, from limy sandstone, east side of 
Gaillard Cut (station 6011). 

3-6. Vertical portions, X 20, showing irregular piling of lateral chambers; 
fig. 6 with two embryonic chambers with thick walls. Specimens 
from limy sandstone near southern switch, Bohio Ridge (station 
6025). 

%, 8. Horizontal sections, < 20, from same locality at Bohio. 


Nummulites panamensis, new species. 


9. Horizontal section, X 20, from limy sandstone near southern switch, 
Bohio Ridge (station 6025). 
10. Vertical section from same rock specimen, X 10. 


Nummulites davidensis, new species. 


11. Horizontal section, X 20, from white limestone in river bed above ice 
plant, David, Panama (station 6512). 


Orbitolites americana, new species. 


12-14, Horizontal sections, < 10, specimens from west side of Gaillard Cut, 
near Las Cascadas (station 6020a). 


PLATE 44, 
Orbitolites americana, new species. 


Wie. 1. Horizontal section of large specimen, 10, from Gaillard Cut, near Las 
Cascadas (station 6019-b). 
2. Horizontal section, broken, showing two layers of chambers and inside 
east of outer surface, < 20 (station 6020a). 


Prats 45. 
Orbitolites americana, new species. 


Specimen in horizontal section, X 20, showing several areas of breakage and 
subsequent repair, shown by the angular reéntrants of the annuli in various 
places. From Gaillard Cut, near Las Cascadas (station 6020a). 
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FOSSIL ECHINI OF THE PANAMA CANAL ZONE AND 
COSTA RICA. 


By Rosert Tracy Jackson, 


Of Peterborough, New Hampshire. 


INTRODUCTION. 


The following is essentially a reprint of my paper bearing the 
same title published in the Proceedings of the United States National 
_ Museum, volume 53, pages 489-501, plates 62-68, September 24, 1917: 

The fossil echini of the Panama Canal Zone were submitted to me 
for study and description by Dr. 'T. Wayland Vaughan as part of the 
studies he is making in that region in connection with his investiga- 
tions of the geology of the Costal Plain of the United States and of 
the West Indies. The material contains some very interesting 
species, particularly in the genus H’ncope, of which there are three 
new forms. Some of the material is well preserved, and parts are 
fragmentary. A number of specimens too poorly preserved, or too 
tragmentary for specific determination, indicate that a more ex- 
tensive echinoid fauna may be found by further search. 

I wish to express my heartiest thanks to my friend, Dr. Hubert 
Lyman Clark, of the Museum of Comparative Zodlogy, who, with his 
great knowledge of Clypeastroids and Spatangoids, helped me 
materially in preparing this report. 


LIST OF SPHCIES AND THEIR GHOLOGIC OCCURRENCE. 


Clypeaster lanceolatus Cotteau. Upper Oligocene, Emperador lime- 
stone, Gaillard Cut, stations 58660, 6671. 

Olypeaster gatuni Jackson. Miocene,’ Gatun formation, station 5662, 
near Gatun Dam site; and at station 6237, north of Ancon Hill, 
about 4 miles south of Diablo ridge. 

Encope annectans Jackson.t. Miocene, Gatun formation, station 
5846, Spillway, Gatun Dam. 

Encope platytata Jackson. Miocene, Gatun formation, station 
6029a, one-quarter to one-half mile from Camp Cotton, toward 
Monte Lirio. 


1 This formation is more appropriately referable to the lower Miocene, i. e., Burdigalian, 
than to the upper Oligocene.—T. W. V. 
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Encope megatrema Jackson. Miocene,’ Gatun formation, station 
6030, about one and one-half miles from Camp Cotton, toward 
Monte Lirio. 

Echinolampas semiorbis Guppy. Upper Oligocene, KEmperador lime- 
stone, Gaillard Cut, stations 58660) and 60199. 

Schizaster armiger W. B. Clark. Miocene(?),: Bonilla, Costa Rica. 

Schizaster cristatus Jackson. Miocene(?),1 Brazil, Costa Rica, sta- 
tion 5505. 

Schizaster panamensis Jackson. Miocene, Gatun formation, near 
Gatun, at stations 6008 and 7294. 


DESCRIPTION OF SPHCIES. 


CLYPEASTER LANCEOLATUS Cotteau. 


Plate 46, figs. 1, 2. 


Clypeaster lanceolatus, CoTTEAU, Descripcion de los Equinoides Fossiles de la 
Isla de Cuba, Bol. Com. del. Mapa Geologico de Hspana, vol. 22, 1897, p 
39, pl. 9, figs. 1, 2, 3—JAcKson, Proc. U. S. Nat. Mus., vol. 53, 1917, p. 
490, pl. 62, figs. 1, 2. 


This species is one of the few in the series from the Panama Canal 
Zone that seems referable to an already published species. There 
are seven specimens, all in good condition of preservation and repre- 
senting two localities which, however, from the character of the 
material may be nearly associated. JI give measurements of the 
largest specimen of the set. Length, 95 mm.; width, 77mm.; height, 
21mm. Test elongate, wider behind than in front, moderately ele- 
vated, deeply concave in ventral view. Ambulacral petals elevated, 
distally acuminate, nearly closed and pinched up as if squeezed 
between the thumb and finger. Anterior petal III equal in length 
to petals I and V and a few millimeters longer than are the anterior 
pair IZand IV. The anterior petal III is more widely separated from 
petals IT and IV than are those latter from I and V. Interporiferous 
areas of petals are elevated, wide, being about equal to both porif- 
erous areas. Interambulacra are narrow, extremely so near the 
apical disk. Tubercles are small and of about the same size dorsally 
and ventrally. Apical disk is central, mouth centr’ ., deeply sunken, 
periproct ventral, about four mm. Baath the poste. .or border of the 
test. The original material described by Cotteau is from the “ Mio- 
cene ” of Matanzas, Cuba, where he says it is very rare. It is appar- 
ently more or less common in the Canal Zone, as there are seven speci- 
mens from that region. 


1 This formation is more appropriately referable to the lower Miocene, i. e., Burdigalian, 
than to the Upper Oligocene.—T. W. V. 
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Localities and geologic occurrence.—Upper Oligocene; Emperador 
limestone. Upper Limestone, Las Cascadas, Panama, D. F. Mac- 
Donald, collector, U. S. National Museum station, No. 6671, two 
specimens, U. S. Nat. Mus. Cat. No. 324452; also Panama Canal Zone, 
upper Limestone bed, near Tower “ N” (opposite Las Cascadas, Gail- 
lard Cut) D. F. MacDonald, collector, 1911, U. S. National Museum 
station No. 5866 0, five specimens, U. S. Nat. Mus. Cat. No. 324451. 


CLYPEASTER GATUNI Jackson. 
Plate 47, fig. 1; plate 48, fig. 1. 
Clypeaster gatuni JACKSON, Proc. U. 8. Nat. Mus., vol. 53, 1917, p. 491, pl. 
63, fig. 1; pl. 64, fig. 1. 

This species is represented by a fine, large specimen in perfect con- 
dition of preservation. Two additional specimens much worn and 
incomplete are also referred to it. 

The type measures 146 mm. in length, 122 mm. in width, and 35 
mm. in height. The test is elongate, moderately pentagonal in out- 
line, -with slight incurving of the borders in interambulacral areas 
1, 2, 38, and 4. Its greatest width is across ambulacra II and IV. 
Ventrally the test is deeply concave, being fiat only on the border. 
The ambulacral petal ITI is equal in length to petals I and V and 
a few millimeters longer than are petals II and IV. The petals are 
equidistant, highly elevated, and open at their distalends. Ventrally, 
five deep ambulacral grooves extend to the mouth. Interambu- 
lacra are broad on the border of the test, narrowing up dorsally and 
very narrow near the apical disk. Wach of the interambulacra 
between the petals are strongly elevated as if pinched up. The 
apical disk is slightly anterior to the middle of the test and is very 
small. The mouth is central, deeply sunken. The periproct is 
ventral, slightly elliptical, its posterior border 5 mm. from’ the 
posterior limits of the test. Tubercles are small, covering the 
dorsal surface of the test, ventrally the same, but slightly larger. 

Clypeaster gatunvapproaches nearest, perhaps, to C’. bowerst Weaver, 
but differs in the shape of the test, the deeply concave base, the 
shape and proportionate size of the petals and interambulacra dor- 
sally, aud the fact that the periproct is ventral instead of terminal. 

Locality and geologic occurrence.—Gatun formation, Miocene. 
Panama Canal 2 ne, near Gatun Dam site, D. F. MacDonald, col- 
lector, 1911, holotype, U. S. National Museum, station No. 5662, 
one specimen. 

Limestone in swamp, north of Ancon Hill, about 4 miles south of 
Diablo Ridge in the upper Oligocene Emperador limestone, U. S. 
National Museum, station No. 6237, two specimens. 

Holotype.—Cat. No. 324453, U.S.N.M. 

This species is present on both the Atlantic and Pacific sides of 
the Isthmus. 


106 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


ENCOPE ANNECTANS Jackson. 
Plate 49, figs. 1, 2; plate 50, fig. 1. 


Hncope annectans JACKSON, Proc. 'U. S. Nat. Mus., vol. 53, 1917, p. 491, text: 
fig. 1; pl. 65, figs. 1, 2; pl. 66, fis. 1. 

This interesting species is represented by three specimens which 
include two tests free from matrix and more or less complete, and 
a sandstone mould of the exterior of the ventral side of a specimen. 
which is the largest of the three. 
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Fic. 1.—HNCOPE ANNECTANS. DRAWING OF THE TYPE-SPECIMEN, NATURAL SIZE. RESTORDD 
PARTS ARE INDICATED BY DOTTED LINES. 


In shape, the specimens are thin, flattened, and nearly circular in 
outline, excepting for the reéntrant marginal ambulacral notches. 
The edges are thin, exceptionally so for the genus, and the whole 
test superficially is scutelliform. In the anterior ambulacrum III 
there is a shallow rounded notch, and in the lateral ambulacra are 
deeper and narrower notches, the deepest being in the posterior pair 
of ambulacra, 1V and V. The apical disk is central. The peristome 
is small and also central. Continuing posteriorly from the peri- 
stome on the ventral side is a quite deep groove, and on the dorsal 
side is a shorter and shallower groove. These grooves do not form 
a hole through the test, but represent the incipient beginnings of the 
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lunule which is characteristic in H’ncope of the posterior interambula- 
crum 5. This is most interesting and is discussed later at length. . 

The type-specimen measures 86 mm. in length, 89 mm. in width, 
and 8 mm. in height. The highest point is distinctly anterior to the 
middle of the test. The specimen represented by a mould of the 
ventral side is somewhat larger than the type. It measures about © 
93 mm. in length by about 96 mm. in width. 

In the type, the ambulacral petals are broad, about equal in length 
in the several! areas, the posterior pair extending back to a line with 
the anterior limit of the lunule in interambulacrum 5. Ventrally, the 
ambulacral furrows are deep, slightly curved outward from the 
median line of each ambulacrum, forking near the border of the test, 
each furrow giving oft a forked branch at nearly aright angle to the 
main furrow. The apical disk is central, but details are obscured 
owing to local imperfections in both specimens showing the dorsal 
side. Interambulacral areas are narrow in the petaloid areas, wide 
‘near the margin of the test. The whole dorsal surface of the test is 
covered with small tubercles; on the ventral side of the test the 
tubercles are somewhat larger, but they are reduced im size or want- 
ing along the lines of the ambulacral furrows. The mouth is small 
and central in position. The periproct is small, oval in outline, and 
situated at nearly one-third the distance from the mouth to posterior 
border of the test. 

The lunule of interambulacrum 5 is the remarkable and most in- 
teresting feature of this species. Ventrally, it consists of an im- 
pressed area 15 mm. long by 2 mm. wide, extending to and being 
confluent with the opening of the periproct. Dorsally, the lunule 
also consists of an impressed area lying above the middle of the ven- 
tral lunular depression and measuring 10 mm. in length by 2 mm. in 
width. This is the only species in the genus recorded in which the 
lunule fails to make an opening through the test. Structually, it 
is most interesting, as it closely resembles the condition in a young 
specimen of Mellita sewiesperforata (Leske) from the west coast of 
Florida, 80 fathoms, No. 2900, Museum of Comparative Zodlogy. 
This young Mellita, which measures 9 mm. in length, has no notches 
or lunules as yet developed in the ambulacral areas, but in interam- 
bulacrum 5, as viewed ventrally, there is a distinct impressed area 

- marking the initial beginnings of a lunule as in our specimen of adult 
Eneope annectans. It should be stated that this specimen of Mellita 
is probably exceptional in holding this youthful character so late, as 
in a small series of younger specimens of J/. sextesperforata measur- 
ing from 4 to 7 mm. in length, all have a perforate lunule in interam- 
bulacrum 5. This latter set is from Salt Key, Bahamas,*No. 2489, 
Museum of Comparative Zodlogy. As pointed out by Mr. Agassiz 
(Revision of the Kchini, pp. 320-324) in Mellita sexiesperforata, the 

8370°—18—Bull. 103 8 
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ambulacral and interambulacral lunules develop by resorption through 
_ the test, whereas in the other species of Mellita, as far as known, the 
ambulacral lunules are developed by the inclusion of marginal 
notches and the interambulacral lunule alone is formed by invagina- 
tion through the test. 

Lncope annectans is primitive like the other fossil species of Encope 
in that the ambulacral notches are not inclosed to form lunules but 
are still shallow and open. It is undoubtedly the most primitive of 
the genus in that the lunule in interambulacrum 5 is still imper- 
forate. It makes an approach to the Recent EH'ncope michelint 
Agassiz of the Gulf of Mexico and /. grandis Agassiz of the Gulf of 
California which are the only living species characterized by open 
marginal notchess On the other hand, /. annectans resembles H'n- 
cope micropora Agassiz of the West Coast in the form of the test 
and the position of the interambulacral lunule. 

Locality and geologic occurrence.—Gatun formation, Miocene, 
Panama Canal Zone, Spillway at Gatun Dam site, D. F. MacDonald, 
collector, U.S. National Museum station No. 5846, three specimens. 

Type.—Cat. No. 324454, U.S.N.M. Paratype.—Cat. No. 324466, 
U.S.N.M. 


ENCOPE PLATYTATA Jackson. 


Plate 51, figs. 1, 2. 
Hneope platytaia JACKSON, Proc. U. S. Nat. Mus., vol. 58, 1917, p. 494, text fig. 
2.3 ply Gq, mes! 2: 

There is only a single specimen representing this species, and 
while it is imperfect, it yet has the essential parts preserved that are 
necessary for a description. As in the last described species, Z. an- 
nectans, this species, /’. platytata, is thin, flattened, and if complete, 
apparently would be nearly circular in outline excepting for the am- 
bulacral notches. If complete, the specimen would measure as esti- 
mated about 100 mm. in length and 100 mm. in width. The greatest 
height of the test is in the apical region, where it measures 10 mm. 
As the ventral side of the test is somewhat concave instead of being 
flat, the thickness of the test at the center, as measured by calipers, 
is somewhat less than the height and measures only 8 mm. 

The anterior ambulacral notch of area III is very shallow and 
rounded. The notches of the lateral anterior ambulacra II and IV 
are also rounded but deeper than the notch of area III. Presumably 
the notches of the posterior ambulacra I and V, if preserved, would 
be similar but somewhat deeper, as this is the usual character in 
associated species. The lunule in interambulacrum 5 is small, but 
passes directly through the test instead of being imperforate as in 
Encope annectans. This lunule is only preserved for the anterior 
part of its extent as shown in the figures. The mouth is small and 
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central in position, the periproct is elongate oval, its anterior border 
is 18 mm. posterior to the border of the mouth opening. Poste- 
riorly the periproct is confluent with the infclded depression of the 
interambulacral lunule. 

The ambulacral petals are rather narrow in this specimen, measur 
ing 13 mm. in width. The odd anterior ambulacral petal is longer 
than the others, and measures 36 mm. in length, whereas the pos- 
terior petals of the trivium measure 28 mm. in length. The petals 
of the bivium, or I and V, are longer than the posterior pair of the 


—— 
Yy 
Ml 


S ZZ. i 
SS Z2 g 
S 2 : 
SS 


r 


2 Ve il 
im 


0) oe i AN, Nh “il “caren MM ~~ i 


7 il 


“4 ae Kor 


Fig. 2.—ENCOPE PLATYTATA. DRAWING OF THE TYPH-SPECIMEN, NATURAL SIzn. RwsTora- 
TIONS ARE INDICATED BY DOTTED LINES. 

trivium, but as they are incomplete posteriorly, a measurement can 
not be given. On the ventral side, the ambulacral furrows are 
strongly marked and each gives off a few weakly impressed branches. 

The apical disk is quite well preserved, shows clearly the ocular 
pores and four of the five genital pores, which are a characteristic 
feature of Hncope. The only genital pore wanting is that oecurring 
in area 1, which is destroyed by a local fracture of the test. Minute 
tubercles cover the dorsal side of the test. Ventrally the tubercles 
are larger except near the ambulacral furrows where they are minute. 
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Encope platyiata is a near ally of E'ncope tenuis Kew' of the 
Miocene of California, but differs from that species in that the great- 
est height of the test is central, and the periproct is confluent with 
the lunule. 

Locality and geologic occurrence-—Gatun formation, Miocene, 
Panama Canal Zone, from lowest horizon in big cut, one-fourth to 
one-half mile beyond Camp Cotton toward Monte Lirio, D. F. Mac- 
Donald and T. W. Vaughan, collectors, 1911, U. S. National Museum 
station No. 6029a, one specimen. 

Type.—Cat. No. 324455, U.S.N.M. 


ENCOPE MEGATREMA Jackson. 


Plate 52, fig. 1. 
Hncope megatrema Jackson, Proc. U. 8. Nat. Mus., vol. 58, 1917, p. 496, 
text figs. 3, 4; pl. 68, fig. 1. 

This species is represented by one fairly good test with its counter- 
part, and in addition some 12 fragments which yield helpful facts 
on close study. From the incompleteness, measurements and some 
details will have to be given in general terms or omitted. Asa whole, 
the test is low, elongated, thin on the borders and with shallow 
ambulacral notches and an enormous lunule in interambulacrum 5. 

From the best specimen, which is figured, the length probably was 
about 120 mm. and the width about 106 mm.; thickness of the test 
at its center is 10 mm. Ambulacral notches are shallow and quite 
wide in areas If and V, indicating that this is the character in the 
two posterior ambulacra I and V and also in the paired anterior am- 
bulacra [Land IV. This evidence is supported by several of the frag- 
ments which show shallow lobes like the type, but it can not be 
definitely stated which areas they represent. The notch of the ante- 
rior odd ambulacrum IIT is not known, but it was probably shallower 
than the others, as is characteristic of species of the genus. The most 
striking feature of this species is the lunule in interambulacrum 5, 
which is enormous. It is situated about midway between the apical 
disk and posterior limits of the test, and is roughly triangular in 
shape, the apex of the triangle pointing anteriorly. It measures at 
the surface of the opening 27 mm. in length and 27 mm. in width at 
the widest part posteriorly. The walls of the lunule slope outward 
from the center, as seen looking from above, as is well shown in two 
of the fragmentary specimens. From this sloping character of the 
walls, it results that the width of the lunule would be greater by about 
6 to 10 millimeters on the ventral side than it is on the dorsal. The 
height of the wall of the lunule is 12 mm., which is doubtless the 
highest point of the test. The lunule in this species is, relatively to 
the size of the specimens, the largest known in any species of the 


Kew, W. 8S. W. Tertiary echinoids of the Carrizo Creek Region in the Colorado Desert. 
University of California Bull., Dept. Geology, vol. 8, No. 5, pp. 39-60, pls. 1-3, 1914. 
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genus, fossil or living. It is striking that this great size of the lunule, 
a progressive character, should be associated with small and shallow 
ambulacral notches which, for the genus, is a relatively primitive 
character. 

- The ambulacral petals are beautifully distinct and well preserved 
for part of their extent in the type and one other specimen. The 
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Pic. 3—a, HNCOPH MNGATREMA. HOLOTYPE, NATURAL SIZE. THE AREA SHOWING PART OF 
AMBULACRUM II IS DRAWN FROM A FRAGMENT. RESTORATIONS ARE INDICATED BY DOTTED 
LINES. 6, SECTION OF LUNULE TO SHOW THE INCLINED FACES, DRAWN FROM TWO 
FRAGMENTS, 


posterior pair, I and V, are long and narrow with a relatively wide 
poriferous area and narrow median interporiferous area. The width 
of the petal of ambulacrum V is 11 mm. and its length is 50 mm. It 
extends posteriorly in a wide curve around the lunule of interambu- 
lacrum 5 and reaches a line coincident with the posterior end of the 
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lunule. It also extends to within 5.5 of the ambulacral notch of the 
area in which it lies. Ambulacrum ITV is much shorter than ambula- 
crum V, measuring 30 mm. in length and 12 mm. in width at its 
widest part. This ambulacrum extends to within 3.5 mm. of its 
marginal notch. The features of the ambulacra V and IV, as de- 
scribed, indicate the character of ambulacra I and II, which are only 
preserved in part in the holotype, though one of the fragments has 
ambulacrum IJ quite perfectly preserved. Ambulacrum III is repre- 
sented only in part (for a length of 25 mm.) by the left side of its 
pealeid area; it probably had about the length and width of the 
petal of ambulacrum TV, as in the allied species A’ncope macrophora 
Ravenel. Ambulacral firene on the ventral side are deep, strongly 
marked, with some forking near the periphery of the test. The inter- 
ambulacra are very wide, not narrowing markedly near the apical 
disk. Minute tubercles cover the dorsal surface of the test, and ven- 
trally the tubercles are larger excepting on the lines of ambulacral 
furrows, where they are minute or wanting. Details of the apical 
disk, peristome and periproct are entirely wanting. This species does 
not make a close approach to any other known species, but its nearest 
ally is Encope macrophora Ravenel from the upper Miocene of 
South Carolina and the Pliocene,of Florida.* 

Locality and geologie occurrence—Gatun formation, Miocene, 
Panama Canal Zone. From 85-foot cut north side of big swamp on 
relocated line, Panama R. R., about one and one-half to two miles 
beyond Camp Cotton, toward Monte Lirio, D. F. MacDonald and 
T. W. Vaughan, collectors, 1911. Fourteen specimens, including 
fragments, U. National Museum station No. 6030. 

Type es Vo. 824456, U.S.N.M. 


ECHINGLAMPAS SEMIORBIS Guppy. 


Echinolampas semiorbis Guppy, Gn Tertiary Echinoderms from the West 
Indies, Quart. Journ. Geol. Soc. London, vol. 22, 1866, p. 299, pl. 19, 
fig. 7—CorrEaAu, Echinides Tertiares des Iles St. Barthélemy et An- 
guilla, Kongl. Svensk. Wetenskaps. Akad, vol. 18, 1875, p. 24, pl. 5, 
figs. 1-2; pl. 6, fig. 1—Jackson, Proc. U. 8S. Nat. Mus., vol. 58, 1917, 
p. 498. 

This species is abundant in the Oligocene Tertiary of the West 
Indies, material from Anguilla having been described by Guppy, and 
Cotteau erroneously records it from St. Bartholomew. Dr. T. Way- 
land Vaughan in 1914 collected abundant, fine specimens in the Island 
of Anguilla. 

From the Panama Canal Zone a number of specimens were col- 
lected from a hard gray limestone. The specimens are for the most 
pee auroral and in very good condition of BESO i. One 


1 Clark, William Poeee and Twitchell, Rreeeine W. Macnee and aeons HKchino- 
dermata of the United States. Monograph, U. S. Geol. Survey, vol. 54, 1915, p. 206, 
pl. 93, figs. 2a—e; pl. 94, figs. la—f. 
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of the largest specimens measures 107 mm. in length, 103 mm. in 
width, and 53 mm. in height. 

Locality and geologic occurrence.—Upper Oligocene. Emperador 
limestone, Panama Canal Zone. Upper Limestone bed near Tower 
“N” (opposite Las Cascadas, Gaillard cut), D. F. MacDonald, col- 
lector, 1911, U. S. National Museum station No. 58660, one specimen, 
U.S. Nat. Mus. Cat. No. 324457. Also Panama Canal Zone, from 5th 
or topmost limestone, Gaillard cut, opposite Las Cascadas, U. S. 
National Museum station No. 60199, D. F. MacDonald and T. W. 
Vaughan, collectors, 1911, 4 specimens. U.S. Nat. Mus. Cat. No. 
324458, 

SCHIZASTER ARMIGER W. B. Clark. 

Schizuster armiger CLARK and TWITCHELL, Mesozoic and Cenozoic Hehino- 
dermata of the United States, Monograph U. S. Geol. Survey, vol. 54, 
1915, p. 152, pl. 70, figs. la-d.—JacKson, Proc. U. S. Nat. Mus., vol. 
538, 1917, p. 498. 

In this species the test is rather large, cordiform; upper surface 
slopes at first rapidly, then more slowly from the anterior margin to 
the apical system beyond which an elevated sharp ridge continues to 
the truncated posterior margin. Length, 59 mm.; width, 50 mm.; 
height, 25 mm. The ambulacra are broad and the odd anterior 
ambulacral petal IIT is situated in a deep groove that indents the 
anterior margin. The two lateral anterior ambulacra If and IV are 
in deep, broad grooves, with petals 18 mm. long. The posterior 
ambulacra I and V, similar but shorter, are 9 mm. long. Peripetalous 
fasciole is broad and distinct. Interambulacra gibbous, the posterior 
No. 5 being built up into an elevated keel. The peristome is indis- 
tinct in our specimen, but as shown in W. B. Clark’s excellent figures, 
is wide and near the anterior margin. The periproct is high on the 
truncated posterior end. . 

The type material described by Clark is ascribed to the upper 
(Jackson) Eocene of Choctaw County, Alabama. 

Locality and geologic occurrence.—Miocene(?),1 Bonilla, Costa 
Rica, Hill collection, U. S. Nat. Mus. Cat. No. 185214, one specimen. 


SCHIZASTER CRISTATUS Jackson. 
Plate 52, figs. 2-4. 
Schizaster cristatus JAcKSoN, Proc. U. 8S. Nat. Mus., vol. 53, 1917, p. 499, 
pl. 68, figs. 2-4. 

The material of this species consists of two internal moulds; as the 
plates are entirely wanting, of course external characters can not be 
given. The more perfect of the two specimens measures 40 mm. in 
length, 36 mm. in width, and 22 mm. in height. Test is moderate 


1 According to Hill and Dall the rocks exposed at this locality are of the same age as 
those at Gatun, Canal Zone. For a further discussion see the last chapter (by Vaughan) 
in this volume. 
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sized, cordiform, sloping gradually from the anterior border up to the 
median crest, the widest portion being through the middle of the test. 
The most striking feature of this species is the median keel-like crest 
that rises sharply from the summit of interambulacrum 5 at the pos- 
terior border of the test. « 

The petal of ambulacrum IIT is sunken in a deep, wide groove, ex- 
tending to the anterior border of the test and measuring 23 mm. in 
length. The petals of the lateral anterior ambulacra [I and IV are 
in deep grooves measuring 13 mm. in length and having about 22 
plates in each half ambulacrum, as is indicated by the casts of the 
pores. The petals of the posterior ambulacra I and V are widely 
divergent from the anterior pair, nearly parallel and directed back- 
ward in deep, sunken grooves. The grooves are 7 mm. long, and 
there are about 14 plates in each half ambulacrum at this point, as 
indicated by casts of the pores. The periproct is situated on the 
posterior face and coincides with the base of the crest in interam- 
bulacrum 5. The peristome is wide and situated far forward, the 
tip which almost closes the mouth being 10 mm. from the anterior 
border of the test. 

Locality and geologic occurrence.—Miocene(?), Brazil, Costa Rica, 
A. Alfaro, collector, U. 5. National Museum station No. 5505, two 
specimens. 

Type—Cat. No. 324460, U.S.N.M. 


SCHIZASTER PANAMENSIS Jackson. 
Plate 50, figs. 2-3. 


Schizaster panamensis JACKSON, Proc. U. 8. Nat. Mus., vol. 58, 1917, p. 500, 
pl. 66, figs. 2, 3. 

The material consists of an internal mould free from matrix, and 
three specimens more or less complete, embedded in porous, dark- 
colored volcanic tuff which also bears some fragments of hegnite. 
The specimen, free from matrix, is the most completely preserved, 
although somewhat compressed dorso-ventrally, and is selected as 
the type. The specimen measures 48 mm. in length, 40 mm. in width, 
and 25 mm. in height. The petals of the ambulacra are situated in 
broad, deep furrows. The anterior petal JI] extends to the anterior 
limit of the test and measures 23 mm, in length. The paired anterior 
ambulacra II and IV are in grooves 13 mm. long and diverge widely 
from the anterior petal. The posterior petals I and V are shorter 
than the anterior pair, measuring 5 mm. in length, and are directed 
almost straight backward. The position of the periproct is not 
clearly indicated on the mould, but apparently it is near the upper 
part of the posterior face. The peristome is wide and rounded, and 
is situated 16 mm. from the anterior border of the test. The peri- 
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petalous fasciole is quite wide and is fairly well shown in areas IT 
and IV on the type-specimen and still better in one of the fragments, 
which is a counterpart of the dorsal side of the same. 

One of the specimens, which is an external mould, shows the im- 
press of the outline of the plates of part of a test, and gives measure- 
ments of considerable interest. It measures about 50 mm. in length, 
about 45 mm. in width, and about 38 mm. in height. From incom- 
pleteness of the specimen no exact measurements can be given, yet 
those available indicate a very high test. 

Locality and geologic occurrence—Gatun formation, Miocene, 
Panama Canal Zone. Second cut, south of Gatun R. R. Station, 
Goldman Coll., U. S. National Museum station No. 7294, four speci- 
mens. Holotype, U. S. Nat. Mus. Cat. No. 324461. Another speci- 
men, imperfect and much worn, with a very high test, and appar- 
ently referable to this species, is from Panama Canal Zone, Gatun, 
section A, from middle of Bed “ HE,” D. F. MacDonald, collector, U. S. 
National Museum station No. 6008, one specimen. U.S. Nat. Mus. 
Cat. No. 324462. 


DESCRIPTION OF PLATES. 


PLATE 46. 


Wie. 1. Clypeaster lanceolatus Cotteau, dorsal view, natural size. The dark 
spot in interambulacrum 5 is a yellow iabel that took black in the 
photograph.: U.S. Nat. Mus., Cat. No. 324451, Station 58660. 

2. Another specimen of the same, ventral view, natural size, U. S. Nat. 
Mus. Cat. No. 324451, Station 5866D. 


PLate 47. 


‘Fie. 1. Clypeaster gatuni Jackson, dorsal view. Holotype, slightly reduced, 
U. S. Nat. Mus. Cat. No. 324453, Station 5662. 


PLATE 48. 


Fie. 1. Clypeaster gatuni Jackson, ventral view; same specimen as Plate 47. 
Holotype, slightly reduced, U. S. Nat. Mus. Cat. No. 324452, Station 
5662. 


PLATE 49. 


Wie. 1. Hncope annecians Jackson, dorsal view, natural size. Holotype, U. S. 
} Nat. Mus. Cat. No. 324454, Station 5846. 
2. The same, ventral view. 


PLATE 50. 


Fie. 1. Hncope annectans Jackson, another specimen, external mould of ven- 
tral side seen from above. Natural size, Paratype, U. S. Nat. Mus. 
Cat. No. 324466, Station 5846. 
2. Schizaster panamensis Jackson, dorsal view, natural size. Holotype, 
U.S. Nat. Mus. Cat. No. 324461, Station 7294. 
3. The same, ventral view. The dark spot in interambulacrum 5 is a yel- 
low ticket that took black in the photograph. 
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PLATE 51. 


Wie. 1. Hneope platyiata Jackson, dorsal view, natural size. Holotype, U. S. 
Nat. Mus. Cat. No. 324455, Station 6029a. 
2. The same, ventral view. The dark spot in interambulacrum 4 of fig. 1 
and in interambulacrum 2 of fig. 2 are yellow tickets that took black 
in the photographs. 


PLATE 52. 


1g. 1. Hncope megatrema Jackson, dorsal view, natural size. Holotype, natu- 
ral size, U. S. Nat. Mus. Cat. No. 324456, Station 6030. 
2. Schizaster cristatus Jackson, dorsal view, natural size. Holotype, 
U. S. Nat. Mus. Cat. No. 324460, Station 5505. 
3. The same, ventral view. 
4. The same, side view. 
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PL. 46 


DORSAL (I) AND VENTRAL VIEWS (2) OF CLYPEASTER LANCEOLATUS. 


FOR EXPLANATION OF PLATE SEE PAGE I15 
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DORSAL VIEW OF CLYPEASTER GATUNI. 


FOR EXPLANATION OF PLATE SEE PAGE II5- 
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VENTRAL VIEW OF CLYPEASTER GATUNI. 


FOR EXPLANATION OF PLATE SEE PAGE I15. 
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DORSAL (I) AND VENTRAL VIEWS (2) OF ENCOPE ANNECTANS. 


FoR EXPLANATION OF PLATE SEE PAGE I[15. 
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|. MOULD OF VENTRAL SIDE OF ENCOPE ANNECTANS SEEN FROM ABOVE, (2) DORSAL, 
AND (3) VENTRAL VIEWS OF SCHIZASTER PANAMENSIS. 


FOR EXPLANATION OF PLATE SEE PAGE 1[16, 
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DORSAL VIEW (1) AND VENTRAL VIEW (2) OF ENCOPE PLATYTATA 


FOR EXPLANATION OF PLATE SEE PAGE I16, 
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, AND SIDE (4) 


|. DORSAL VIEW OF ENCOPE MEGATREMA. DORSAL (2), VENTRAL (3 
VIEWS OF SCHIZASTER CRISTATUS. 


FOR EXPLANATION OF PLATE SEE PAGE I[16. 
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BRYOZOA OF THE CANAL ZONE AND RELATED 
AREAS. 


By Ferrpinanp Canu 
Of Versailles, France 
AND 
Ray 8S. Bassier 
Of Washington, District of Columbia. 


The following pages contain the descriptions of the few bryozoa 
that have so far been found in the rocks, of the Canal Zone and 
related areas. These bryozoa consist of two species from the Em- 
perador limestone of the Canal Zone collected by Messrs. T. Way- 
land Vaughan and D. F. MacDonald and three species from the 
Miocene of Costa Rica collected by D. F. MacDonald. The list of 
species described is as follows: 

Ogivalina mutabilis, new species, Emperador limestone, Panama 
Canal Zone. 

Holoporella albirostris (Smitt), Emperador limestone, Panama 
Canal Zone. 

Cupularia umbellata Defrance, Miocene, Costa Rica. 

Cupularia canariensis Busk, Miocene, Costa Rica. 

Stichoporina tuberosa, new species, Miocene, Costa Rica. 


Order CHEILOSTOMATA. 
Group MEMBRANIPORAE. 
Genus OGIVALINA Canu and Bassler. 

OGIVALINA MUTABILIS, new species. 
Plate 58, fig. 1. 


The zoarium is incrusting. The zoccia are elongated, oval, dis- 
tinct, separated by a deep furrow; the mural rim is thin, smooth, 
rounded; there is often a small gymnocyst. The opesium is very 
large, irregular, more often oval. The ovicell is endozoecial, small, 
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little convex. Sometimes there is a small interzoccial fusiform 
avicularium (?). 
ho=0.60-0.70 mm 
lo=0.30-0.45 mm 
Fi ) [Bight 5—0.95 mm 
(z2=0.50-9.70 mm 


The great irregularity of form and zocecial dimensions of this 
species justifies its name. There are some variations which recall 
those of Membranipora irregularis Manzoni, 18751 which possesses 
a mural rim enlarged at the base and also some large interzoccial 
avicularia. 

The present species differs from the splendid Ogivalina eximipora 
Canu and Bassler from the Middle Jacksonian of North and South 
Carolina in its smaller dimensions, in the absence of cryptocyst, and 
in the presence of a eyo The avicularium (?) is identical 
im form and position. at} 

 Occurrence-—Emperador limestone, old) quarry, one-third mile 
north of west of Empire, Panama Canal Zone. D. F.: MacDonald 
and T. Wayland Vaughan; collectors, 1914, Station No. 6016. 

“Southwest side Crocus’ Bay Hill, Weems Leeward Islands. 
T. Wayland Vaughan, collector, 1914, Loc. No. 6893. 
Holotype.—Cat. No. 65039, U.S.N.M. 


M easurements.—Opesium 


Family OPESIULIDAE Jullien. 
Genus CUPULARIA Lamouroux. 
CUPULARIA UMBELLATA Defrance, 1823. 
Plate 53, figs. 2-4. 


1908. Cupularia umbellata Canu, Iconographie des Bryozoaires fossiles. 
de l’Argentine, Anales del Museo Nacional de Buenos Aires, vol. 17, 
p. 275, pl. 5, figs. 4, 5. — (See for complete bibliography. ) 

1909. Cupularia umbellata Canu, Bryozoaires fossiles du Sud-Ouest de 
la France, Bulletin de la’ Société Geologique dé France ser. 4, vol. 9, 
pp. 448, 454, pl. 16, figs. 16, 17. (Regional bibliography. ) 

1909. Cupularia lowei NORMAN,.On the Polyzoa of. Madeira, Journ. Lin- 
nean Soc., vol. 30, p. 290, pi. 37, figs. 7-12. 

1913. Cupularia umbellata Canu, Etude comparée.des Bryozoaires Hel- 
vetiens de l’Kgypte avec les Bryozoaires vivants de la Mediterranée 
et de la Mer Rouge, Mem. a,Vinstitut Hgyptien, vol. 6, fase. 3, p. 205. 

1913. Cupularia Sy CANv, Cont. a etude des Bryozoaires fossiles, 
pt. 5, p. 125; pt..7, p. 126; pt. 12, p. 127; Bulletin Soc. Geol. France 
(IV, XTIT). 

1914. Cupularia lowei Ospurn, The Bryozoa of. the, Tortugas. Islands, 
Florida. Publication No. 182, of the Carnegie Institution of Washine- 
ton, p. 194. 


oa 


1 Briozoi del pliocene antico di Castrocaro, Bologna, 1875, p. 10, pl. 1, figs. 5, 8. 
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The fossils which are identified as above are rather well preserved 
and their determination is easy. The pores of the hydrostatic zoccia 
are not radicular. We are ignorant as to why Norman, who is a 
ereat lover of archaic names, has not preserved the name of Defrance. 
The figures published by this author and by d’Orbigny are excellent 
and leave no doubt as to the identity of the two species. 

Occurrence.—Miocene, Banana River, Costa Rica. D: F. Mac- 
Donald, collector, 1911. Bowden marl, Bowden, Jamaica. 

This species is almost always associated with C. canariensis Busk. 
Like the latter, it commences in the Alum Bluff formation and con- 
tinues in the higher Miocene and Pliocene deposits of the United 
States. 

Geological distribution —Aquitanian of Italy (Seguenza, Nevi- 
ani), of Bordeaux (Canu). Burdigalian of Italy (Seguenza, Canu), 
of Bordeaux (Canu). Helvetian of Italy (Seguenza), of Touraine 
‘(Canu), of Bordeaux (Canu), of Maryland (Ulrich), of Egypt 
(Canu). Tortonian of Provence (Canu), of Italy (Seguenza). 
Plaisancian of England (Busk), of Italy (Manzoni). Astian of 
Italy (Neviani, Canu), of Provence (Canu). Sicilian of Italy 
(Neviani). Quaternary of Italy (Seguenza), of England (Canu). 

Habitat—Mediterranean. Atlantic to the Canary Islands, and 
Florida. It is common in the Gulf of Gascony in the Miocene; it 
has now disappeared from it. 

_ It has been dredged at a depth of 11 to 48 meters in America and 
from 81 to 113 meters in Madeira. 


CUPULARIA CANARIENSIS Busk. 
Plate 53, figs. 5+7. 


1908. Cupularia’ canariensis CXANU, Iconographie des Bryozoaires fossiles 
de VArgentine, Anales del Musee Nacional de Buenos Aires, vol. 17 
(ser. 3, vol. 10). pt. 1, p. 275, pl.5, figs. 8,.9,.10.. (See for complete 
bibliography.) 

1909. Cupularia guineensis NORMAN, The Polyzoa of Madeira and neighbor- 
ing islands, Linnean Scciety’s Journal, Zool., vol. 30 (July), p. 289, 
pl. 37, figs. 2-6. 

1914. Cupularia guineensis Ospurn, The Bryozoa of the Tortugas Islands. 
Florida, Publication No. 182, of the Carnegie Institute of Washington, 
p. 194. 


The beautiful figure published by Busk in 1859, has led all paleon- 
tologists to use the specific term canardensis, especially since the same 
author distinguished this species from Cupularia guineensis Busk, 
1854. For a half century, it was therefore employed by Busk, Waters, 
Manzoni, Van den. Brock, Neviani, Seguenza, De Angelis, and Canu. 

Now it appears established that. Busk’s two species are identical 
(Norman, Osburn)... We do not believe it necessary to change the 
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names of these species as the latter authors have done since the 
author of each is the same. A simple question of date ought not 
alter all the literature of this species which although it has never 
been entirely published is nevertheless quite important. 

Our American specimens are well preserved. 

Occurrence-—Miocene, Banana River, Costa Rica. D. F. MacDon- 
ald, collector, 1911. Bowden marl at Bowden, Jamaica. 

The earliest occurrence of this species in the United States is in the 
Alum Bluff formation, but it is found also at many other horizons of 
the Miocene and Pliocene. 

Geological distribution—Burdigalian of Bordeaux (Collection 
Canu). Helvetian of France (Canu) of Spain (De Angelis). Tor- 
tonian of Austria-Hungary (Reuss), of Italy (Seguenza). Plais- 
ancian of Italy (Manzoni), of England (Busk), of Spain (De An- 
gelis), of Algeria (Canu). Astian of Italy (Neviani, Canu). Sicil- 
ian of Rhodes (Manzoni), of Italy (Neviani). Quaternary of Italy 
(Neviani), of Argentina (Canu). Miocene of Australia? (Waters). 


Family CELLEPORIDAE Busk. 
Genus HOLOPORELLA Waters. 
HOLOPORELLA ALBIROSTRIS (Smitt). 


Plate 538, fig. 8. 


1873. Discopora albirostris Smirt, Floridan Bryozoa, pt. 2, Kongl. Svenska 
Vetenskaps-Akademiens Handlingar, vol. 11, No. 4, p. 70, pl. 12, figs. 
233-239. 

1889. Cellepora albirestris JELLY, A Synonymic Catalogue of the Recent 
Marine Bryozoa, p. 45. (See for complete bibliography.) 

1914. Holoporella albirostris Ospurn, Bryozoa of Tortugas Islands, Pub. 
182, Carnegie Institution, p. 215. 

Of the two specimens of this species which have been collected at 
Panama and at Anguilla one corresponds to Smitt’s figure 237 and 
the other to figure 238. 

Occurrence.—Rare in the Emperador limestone at the old quarry 
one-third mile north of west of Empire, Panama Canal Zone, D. F. 
MacDonald and T. Wayland Vaughan, collectors, 1911 (Station 
No. 6106). Also rare along the southwest side of Crocus Bay, An- 
guilla, Leeward Islands, Dr. T. Wayland Vaughan, collector, 1914, 
Loc. No. 6894. 

Geological distribution—Miocene of Australia and New Zealand 
(Waters). Habitat. Atlantic off Florida. Pacific off Australia. 
Specimens have been dredged off Australia to a depth of 121 meters. 
Smitt in Florida has discovered them between 40 and 56 meters, but 
Osburn states that it abounds at a depth of 24 meters. 
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Family CONESCHARELLINIDAE Levinsen. 
Genus STICHOPORINA Stoliczka. 
STICHOPORINA TUBEROSA, new species. 


Plate 53, figs. 9-12. 


The zoarium is free, conical, hollow with very thick walls. The 
peristome is salient, ornamented with small tuberosities; it bears one 
or two small elliptical avicularia with bar or denticles. The ovicell 
is large, somewhat salient, convex; it is hyperstomial and always 
closed by the operculum. On the lower face, there are large pores 
surrounded by very small ones. 
ha=0.15 mm. 
la=0.09 mm. 

This is a very elegant species characterized by its peristomial tuber- 
osities. The ancestrula is visible only in the interior of the zoarium ; 
it is covered exteriorly by the first zocecia. All the zoccia are sepa- 
rated from each other by small canals which appear to end in the 
large, inferior pores. 

This species must not be confounded with Mamillopora cupula 
Smitt, 1872. It differs from it in its ovicell which is not bilobate 
and in its ovarian zocecia which are not larger than the others. 

Occurrence.—Miocene, Banana River, Costa Rica, D. F. McDonald, 
collector, 1911. 

Cotypes.—Cat. No. 65040, U.S.N.M. 


Measurements.—Apertura 


EXPLANATION OF PLATE 53. 
Ogivalina mutabilis, new species. 


Fig. 1. The type-specimen, < 20, with large irregular opesia, small ovicell, small 
gymnocyst and one zoecium with a fusiform avicularium. 
Emperador limestone, Crocus Bay Hill, Anguilla. 


Cupularia umbellata Defrance. 


Fic. 2. Two zoaria, natural size. 
3. Celluliferous convex surface, X 206. 
4. Concave surface, X 20. 
Miocene, Banana River, Costa Rica. 


Cupularia canariensis Busk. 


Hie. 5. Two zoaria, natural size. 
6. Celluliferous convex surface, 20. 
7. Coneave surface, X 20. 
Miocene, Banana River, Costa Rica. 
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Holoporella albirostris (Smitt). 


Wie. 8. Several zocecia much enlarged (after Smitt). 
Recent, Gulf of Mexico. 


Stichoporina tuberosa, new species. 


Hie. 9. Two zoaria, natural size. 
10, 11. Two views X 20, of the convex, celluliferous side. 
12.. Photograph of the concave side, xX 20. 

Miocene, Banana River, Costa Riea. 
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DECAPOD CRUSTACEANS FROM THE PANAMA 
REGION. 


By Mary J. Ratusun, 


Associate in Zoology, United States National Museum. 


INTRODUCTION. 


Fifty-eight species of Decapods are enumerated from the collec- 
tions examined by the author. Three species described by other 
authors are inserted in systematic order, thus making the list com- 
plete to date for the Panama region. All the available material 
in the United States National Museum from Panama and Costa Rica 
is included; it ranges in age from the Oligocene (Culebra formation) 
to the Pleistocene. 

In the list of stations and the table of distribution the data relat- 
ing to Cirripedia from Dr. H. A. Pilsbry’s report are included for 
convenience of reference. 

The literature on Panama Tertiary Decapods is so scanty that it 
is not surprising that nearly all of the forms now examined prove to 
be new. Six species previously described from living forms are here 
recorded from the Pleistocene (4 species) or the Pliocene (2 spe- 
cies). Thirty-nine species are described as new, three are types of 
new genera, and one of these is the type of a new family, the Ga- 
tuniidae. This is an extremely large and massive crab and combines 
the characters of the well-known Recent families, the Cancridae and 
the Portunidae. The most remarkable occurrence is that of a mem- 
ber of the Fexapodinae, that subfamily of the Goneplacidae in which 
the legs of the last pair are wanting. This isa small group of Recent 
crabs containing 5 genera and 8 species and is strictly Indo-Pacific. 
The species from the Oligocene of Panama is the first one observed 
in a fossil state. Many other genera dealt with in this report have 
never before been found fossil. Such are Pachycheles, Petrolisthes, 
Awius, Hepatus, Mursia, Leucosiia, Euphylaw, Heteractaca, Hury- 
tuum, Huryplax, and Cardisoma. 

As in all large collections of fossil crustaceans there are a number 
of fragments whose position is problematic. Some of these can be 
determined as to genera, others as to family only. 
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Bouvier, E. L. Calappa Zurcheri, Crabe nouveau des terrains mio- 
cénes de Panama. Bull. Mus. Hist. Nat. Paris, vol. 5, 1899, pp. 
189-192, 1 text-fig. 

Calappa zcurcheri is not represented in the United States Geological Survey 
collections. 

Tounta, Franz. Die jungtertiire Fauna von Gatun am Panama- 
kanal. II. Teil. Jahrbuch der k. k. Geolog. Reichsanstalt, 
Wien, vol. 61, 1911, pp. 487-530 (1-44), pls. 30, 31 (1, 2). 

The hermit-crab (Petrochirus) noted and figured by Toula (p. 511, pl. 30, fig. 

13) I have ventured to describe as a new species, combining as it does the char- 

acters of the two nearly related Recent species which inhabit opposite sides of 


the continent. The ‘“ Krabbenscheren” of Toula (p. 512, pl. 30, fig. 14) are de- 
scribed below as a species of Callianassa, C. toulai. 


Brown, Amos P., and Prussry, Henry A. Fauna of the Gatun For- 
mation, Isthmus of Panama. II. Proc. Acad. Nat. Sci. Phila- 
delphia, vol. 64, Dec. 1912 (publ. Jan. 30, 1913), pp. 500-519, pls. 
22-26. 

The author is indebted to Dr. H. A. Pilsbry for the loan of the specimens of 

Callianassa in the collection of the Philadelphia Academy of Natural Sciences 


which were described by Brown and Pilsbry. They have been critically com- 
pared with those collected by the United States Geological Survey. 


LIST OF STATIONS FROM WHICH MATERIAL HAS BEEN EXAMINED, 


ARRANGED FROM THE EARLIEST TO THE LATEST, WITH THE. 


SPECIES FOUND AT HACH. 


Station 6012a.1—Panama Canal Zone. One-quarter mile south of 
Empire Bridge. From lower dark clay beneath lower conglomerate. 
Culebra formation (lower part). Oligocene series. Collectors, 
D. F. MacDonald and T. W. Vaughan; 1911. Balanus (Hesperi- 
balanus?), species. Callianassa lacunosa Rathbun. 

Station 6010.—Panama Canal Zone. Near Panama Canal Station 
1910,” north of Pedro Miguel locks. From dark clay. Culebra 
formation (lower part). Oligocene series. Collectors, D. F. Mac- 
Donald and T. W. Vaughan; 1911. Afursia obscura Rathbun. 

Specimens in Museum, Academy of Natural Sciences, Philadet- 
phia.—Panama Canal Zone. Las Cascadas section, Gaillard Cut. 
Lignitic layers about 65 feet below the base of Pecten bed at Tower 
N. Culebra formation (central part). Oligocene series. Collector, 
Prof. William B. Scott; 1911. Callianassa scotti Brown and Pils- 
bry. Callianassa spinulosa Rathbun. Callianassa quadrata Rath- 
bun. 


1 The station numbers refer to the station book of Cenozoic Invertebrate fossils of the 
United States National Museum. 
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Station 60196.—Panama Canal Zone. Las Cascadas section, Gail- 
jard Cut. Four feet of dark, stratified tuff and clay immediately 
overlying the lower limestone bed. Culebra formation (upper part). 
Oligocene series. Collectors, D. F. MacDonald and T. W. Vaughan; 
1911. Callianassa scotti Brown and Pilsbry. Callinectes, species, 
Panopeus, species. 

Specimen in Museum, Academy of Newent Sciences, Philadel- 
phia.—Costa Rica. Probably Culebra formation. Oligocene series; 
labeled “ Miocene.” Collector, W. M. Gabb. Callianassa anti 
Brown and Pilsbry. 

Station 6019c.—Panama Canal Zone. Las Cascadas section, Gail- 
jard Cut. Lower part of lime-cemented soft gray to olive-colored 
limestone, with central parting of dark clay. The first hard, hmy 
sandstone bed above the lower limestone and just above 60190. 
Culebra formation (upper part). Oligccene series. Collectors, 
D. F. MacDonald and T. W. Vaughan; 1911. Callianassa vaughani 
Rathbun (probably). Callianassa ?, species. Hepatus, species. 

Station 6019e.—Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. Third hard sandstone bed from bottom. Culebra forma- 
tion (upper part). Oligocene series. Collectors, D. F. MacDonald 
and T. W. Vaughan; 1911. Callianassa stridens Rathbun. 

Station 6012c.—Panama Canal Zone. Gaillard Cut. Top part of 
limy sandstone below upper conglomerate, near foot of stairs. 
Culebra formation (upper part). Oligocene series. Collectors, 
D. F. MacDonald and T. W. Vaughan; 1911. Natantia, family, 
genus, and species indeterminable. Callianassa, species. Callinectes, 
species. Huryplax culebrensis Rathbun. 

Station 6020a—Panama Canal Zone. Las Cascadas section, 
Gaillard Cut. Lowest fossiliferous bed. Third bed below lowest 
limestone beds separated by rows of nodules. Culebra formation 
(lower part of upper half). Oligocene series. Collectors, D. F. 
MacDonald and T. W. Vaughan; 1911. Balanus (Hesperiba- 
lanus?), sp. Aus reticulatus Rathbun. Callanassa ovalis Rath- 
bun. Callianassa elongata Rathbun. Callianassa crassimana Rath- 
bun. Callianassa spinulosa Rathbun. Callkkanassa quadrata Rath- 
bun. Callianassa abbreviata Rathbun. Callianassa magna Rath- 
bun. Goniochele ? armata Rathbun. Calappella quadrispina Rath- 
bun. Callinectes reticulatus Rathbun. Thawmastoplax prima Rath- 
bun. Brachyrhyncha, family, genus, and two species indeterminable. 

Station 6025.—Panama Canal Zone. About 200 yards south of 
southern end of switch at Bohio Ridge station, relocated line Panama 
Railroad. Foraminiferal marl and coarse sandstone. Culebra for- 
mation (upper part). Oligocene series. Collectors, D. F. Mac- 
Donald and T. W. Vaughan; 1911. Carpitlius, species. 
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Station 6019g—Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. Fifth or topmost limestone. Emperador limestone. Oli- 
gocene series. Collectors, D. F. MacDonald and T. W. Vaughan; 
1911. dfacrobrachium, species. Callianassa tenwis Rathbun. Jfur- 
sta macdonaldi Rathbun. Parthenope panamensis Rathbun. 

Station 6003.—Panama Canal Zone. Gatun section A, bed A (bot- 
tom of section). Gatun formation (lower part). Miocene series. 
Collector, D. F. MacDonald. Callianassa crassa Rathbun. 

Station 6029a.—Panama Canal Zone. One-fourth to one-half mile 
beyond Camp Cotton toward Mente Lirio. From lowest horizon in 
big cut. Gatun formation (lower part). Miocene series. Col- 
lectors, D. F. MacDonald and T. W. Vaughan; 1911. Cailianassa 
vaughant Rathbun. 

Station €053b.—Panama Canal Zone. Gatun section. Upper part 
of lowest bed. Gatun formation. Miocene series. Collectors, D. F. 
MacDonald and T. W. Vaughan; 1911. Lepas injudicata Pilsbry. 
* Gatunia proavita Rathbun. 

Station 6030—Panama Canal Zone. One and one-half to 2 miles 
beyond Camp Cotton toward Monte Lirio. From 85-foot cut on 
north side of big swamp on relocated line, P.R.R. Gatun formation. 
Miocene series. Collectors, D. F. MacDonald and T. W. Vaughan: 
1911. Balanus concavus rariseptatus Pilsbry. Callianassa vaughani 
Rathbun Gatunia proavita Rathbun. 

Station 5900.—Panama Canal Zone. Gatun Locks. Gatun forma- 
tion. Miocene series. Collector, D. F. MacDonald; May, 1911. 
Gatunia proavita Rathbun. 

_ Catalogue No. 113706, U.S.N.M.—Panama Canal Zone. Near Ga- 
tun. Gatun formation(?). Miocene series. Labeled “ Miocene.” 
Collector, Rev. J. Rowell. Gatunia proavita Rathbun. 

Station 5659.—Panama Canal Zone. Near Gatun Dam. Gatun 
formation. Miocene series. Collector, one of the workmen; shipped 
by D. F. MacDonald; 1911. Gatunia proavita Rathbun. 

Catalogue No. 135218, U.S.N.M—Panama Canal Zone. Gatun 
beds. Gatun formation. Miocene series. Collector, R. T. Hill. 
Callianassa hilli Rathbun. 

Catalogue No. 135219, U.\S.V.M@—Panama Canal Zone. Gatun 
beds. Gatun formation. Miocene series. Collector, R. T. Hill. 
Mursitia ecristata Rathbun. 

Station 4558@k.—Costa Rica. Banana River; tenth fossiliferous 
zone below the wppermost one of the section. Probably equivalent 
to Gatun formation. Miocene series. Collector, D. F. MacDonald; 
1911. Kuphylax fortis Rathbun. 

Station 5852),— Costa Rica. Banana River; ninth fossiliferous 
zone below the uppermost one of the section. Probably equivalent to 
Gatun formation. Miocene series. Collector, D. F. MacDonald; 
1911. Huphylax callinectias Rathbun. 
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Station 4852i.—Costa Rica. Banana River; eighth fossiliferous 
zone below the uppermost one of the section. Probably equivalent 
to Gatun formation. Miocene series. Collector, D. F. MacDonald; 
1911. Callinectes declivis Rathbun. 

Station 5882h.— Costa Rica. Banana River; seventh fossiliferous 
zone below the uppermost one of the section. Probably equivalent to 
Gatun formation. Miocene series. Collector, D. F. MacDonald; 
1911. Leucosilia bananensis Rathbun. 

Station 5882g—Costa Rica. Banana River; sixth fossiliferous 
zone below the uppermost one of the section. Probably equivalent to 
Gatun formation. Miocene series. Collector, D. F. MacDonald; 
1911. Leucosilia bananensis Rathbun. 

Station 5882f—Costa Rica. Banana River; fifth fossiliferous 
zone below the uppermost one of the section. Probably equivalent to 
Gatun formation. Miocene series. Collector, D. F. MacDonald; 
1911. Leucosiha bananensis Rathbun. 

Catalogue No. 824287, U.S.N.M.—Costa Rica. Moin Hill, near 
Timon. Probably equivalent to Gatun formation. Miocene series. 
Collector, H. Pittier. Callianassa moinensis Rathbun. 

Station 5884d.— Costa Rica. Moin Hill; third fossiliferous zone 
below the uppermost; just above level of the rails in railway cut. 
Probably equivalent to Gatun formation. Miocene series. Col- 
lector, D. F. MacDonald; 1911. Caltianassa moinensis Rathbun. 

Station 906a—Panama Canal Zone. Chagres River, 50 to 75 feet 
below those of (17%¢) “5905” in lighter colored limestone according 
to incomplete evidence. Pliocene series. Collector, D. F. Mac- 
Donald; May, 1911. Balanus glyptopoma Pilsbry. 

Station 5903—Panama Canal Zone. From across Chagres River 
and probably 220 to 225 feet above level of river, top of hill opposite 
Alhajuela. Gray tufaceous limestone. Pliocene series. Collector, 
D. F. MacDonald; May, 1911. Balanus glyptepoma Pilsbry. 

Station 1269.—Costa Rica. City of Port Limon. Port Limon 
formation. Pliocene series. Collector, Dr. L. A. Wailes. Pa- 
chycheles latus Rathbun. Petrolisthes avitus Rathbun. Calappa 
costaricana Rathbun. Heteractaea lunata (Milne Edwards and 
Lucas). Cardisoma guanhumi Latreille. 

Station 5886.—Mexico. From the Sayula Ice of Chiapas. 
On the Arroyo Chapapoapam. Pliocene series. Collectors, Dr. 
C. W. Hayes and others, 1911. Balanus glyptopoma Pilsbry. 

Station 6038 —Panama Canal Zone. From black mud from lower 
end of Gatun Locks. Pleistocene series. Collector, D. F. MacDon- 
ald; 1911. Balanus eburneus Gould. 
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Station 5867.—Panama Canal Zone. From dark mud formation, 
about 10 feet above present sea level, near lower end of Gatun Locks. 
Pleistocene series. Collector, D. F. MacDonald; April, 1911. Ba- 
lanus eburneus Gould. 

Station 6865.—Panama Canal Zone. From Mount Hope. Swamp 


ditch. Black mud formation. Pleistocene series. Collector, D. F. 


MacDonald; April, 1911. Balanus eburneus Gould. 

Station 5850.—Panama Canal Zone. Near Mount Hope in ditch 
through swampy ground. About one-fourth mile from present sea 
beach and about 6 to 8 feet above high tide. Pleistocene series. 
Collector, D. F. MacDonald; April, 1911. Macrobrachium?, species. 
Nephrops costatus Rathbun. Nephrops, species. Aawius?, species. 
flepatus chiliensis Milne Edwards. Calappa flammea (Herbst). 
Leucosilia jurinei (Saussure). Leucosiidae, genus and species inde- 
terminable. Avenaeus, species. Panopeus antepurpureus Rathbun. 
Panopeus tridentatus Rathbun. Hurytiwm crenulatum Rathbun. 
Uca macrodactylus (Milne Edwards and Lucas). Parthenope pleis- 
tocenica Rathbun. 


In the following table the Cirripedia (see pp. 185-188) are in- 
cluded with the Decapoda. The letter “n” after a name in the first 
column indicates a new species or a new genus. The numerical head- 
ings refer to the same stations as in the above list but are arranged 
serially instead of chronologically. 
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DESCRIPTIONS OF SPECIES. 
Subclass MALACOSTRACA. 


Order DECAPODA. 
Suborder NATANTIA. 


Family, genus, and species indeterminable. 


Plate 5%, fig. 1. 


Locality—Panama Canal Zone. Top part of limy sandstone below 
upper conglomerate, near foot of stairs, Gaillard Cut. Upper part 
of Culebra formation. Oligocene series. D. F. MacDonald and 
T. W. Vaughan, collectors. 1911. Station 6012c. Cat. No. 324267, 
U.S.N.M. 

Material—One specimen showing three segments from the pleon 
of a shrimp. Pleon compressed laterally. Each of the two overlap- 
ping segments has the posterior angle produced backward in a 
rounded lobe of moderate size. 


Family PALAEMONIDAKE. 


MACROBRACHIUM, species. 


Plate 57, figs. 4 and 5. 


Locality Panama Canal Zone. Las Cascadas section, Gaillard 
Cut. From fifth or topmost limestone. Emperador limestone. Ol- 
gocene series. D. F. MacDonald and T. W. Vaughan, collectors, 
1911. Station 60199. Cat. No. 324256, U.S.N.M. 

Material—One propodus of left cheliped, minus finger. Slightly 
compressed, subcylindrical. Some of the outer crust is lacking, but 
in general, the segment widens rapidly for the proximal two-fifths, 
then widens gradually at the middle, but not at all in the distal two- 
fifths. There is no shallow sinus in the lower margin behind the 
finger, as in Uf. jamatcense, M. acanthurus panamense* and others; 
neither is the palm like that of A/. mexicanwm,® which is not at all 
convex below, and has subparallel margins. 

The specimen resembles Macrobrachivm more than it does any 
marine genus now existing in Panamian waters. 


1 Cancer (Astacus) jamaicensis Herbst, Natur. Krabben u. Krebse, vol. 2, 1792, p. 57, 
pl. 27, fig. 2. 

2 Rathbun, in Smithson. Misc. Coll., vel. 59, No. 13, 1912, p. 1. 

3 Palaemon mexicanus Saussure, Mém. Soc. Phys. Hist. Nat. Genéve, vol. 14, 1858, 
p. 468 [52], pl. 4, figs. 27, 27a. 
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Measurements—Length of palm, 13 mm.; width, 4.3 mm.; thick- 
ness, 3.7 mm. 


MACROBRACHIUM?, species. 
Plate 57, fig. 9. 


Locality.—Panama Canal Zone. From near Mount Hope in ditch 
through swampy ground. About one-quarter mile from present sea 
beach, 6 to 8 feet above high tide. Pleistocene series. D. F. Mac- 
Donald, collector. April, 1911. Station 5850. Cat. No. 324248, 
U.S.N.M. 

Material—One segment (perhaps the carpus) of the second or 
large pair of chelipeds, probably the left one. Subcylindrical, en- 
larging gradually to the distal end, shghtly curved, a longitudinal 
row of 5 low conical spines irregularly spaced. 

Measurements.—Length, 9.5 mm.; diameter, 1.7 mm. 


Suborder REPTANTIA. 


Tribe ASTACURA. 
Family HOMARIDAE. 


NEPHROPS COSTATUS, new species. 
Plate 57, figs. 13-17. 


Type-locality—Panama Canal Zone. From near Mount Hope in 
ditch through swampy ground. About one-quarter mile from present 
sea beach, 6 to 8 feet above high tide. Pleistocene series. D. F. 
MacDonald, collector. April, 1911. Station 5850. 

Types —Cat. No. 824246, U.S.N_M. 

Material—Three dactyli of left cheliped, one of which is fairly 
complete and is taken as the holotype; the other specimens show 
only the distal half or two-thirds. A fourth specimen (distal half 
only) represents a fixed finger perhaps and it so belongs on the left 
side. 

Holotype.—Length 9.5 mm. In dorsal view the inner or right mar- 
gin is sinuous, the tip curved strongly inward; viewed from the 
inside, both edges are sinuous, curving downward toward the tip. 
Upper and lower surfaces a little flattened. Five longitudinal 
costae, 2 dorsal, 2 ventral, 1 inner; each costa marked by a line of 
fine granules, with a row of punctae adjacent. On the proximal half 
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there is some intercostal granulation. Prehensile edge armed with 
fine teeth and divided into 3 sinuses separated by 2 large teeth; the 
distal of these has its distal edge normal and its proximal edge 
oblique to the margin of the dactylus; the top of the other large tooth 
is broken off; the terminal bay has a somewhat enlarged, but still 
small, tooth at its middle. 

Paratypes.—(a) Distal half of dactylus, but with small tip lack- 
ing, same width as holotype; terminal sinus same length but more 
curved, so that the distal border of the boundary tooth is shorter; 
middle sinus half as long, nondentate, next boundary tooth broader 
than in holotype. 

(6) Dactylus with proximal end lacking, same width as holotype, 
costae more rounded, terminal sinus a little shorter, boundary tooth 
with end missing, enlarged middle tooth better developed than in 
holotype, pointing obliquely distad; middle sinus longer, boundary 
tooth broken. 

(c) Propodal (?%) finger broader than the others, showing one 
sinus nearly equal to 2 sinuses of the holotype and limited by a large 
tooth with nearly equal sides. 

I have placed this species in A’ephrops on account of the ribbed 
fingers irregularly toothed. The variations in the dactyl may repre- 
sent either individual or sexual variation. 


NEPHROPS, species. 
Plate 57, figs. 25 and 26. 


Locality —Panama Canal Zone. From near Mount Hope in ditch 
through swampy ground. About one-quarter mile from present sea 
beach, 6 to 8 feet above high tide. Pleistocene series. D. F. Mac- 
Donald, collector. April, 1911. Station 5850. Cat. No. 324249, 
U.S.N.M. 

Material—Dactylus of right cheliped, 12 mm. long; distal half 
moderately curved toward the propodal finger, but the whole finger 
strongly curved downward; 6 strong, longitudinal costae, 3 dorsal, 
1 marginal, 2 ventral; about 9 lines of punctae; the prehensile teeth, 
36 in all, are larger and more projecting in that two-fifths of the 
margin just posterior to the middle. 

After the above description was written the proximal half of the 
specimen was accidentally crushed and destroyed. 

Although the dactylus is much more curved than in any species of 
Nephrops, yet its ornamentation is so similar to that of the preced- 
ing species, JV. costatus, that it is referred to the same genus. 
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Tribe ANOMURA. 
Superfamily GALATHEIDHA. 


Family PORCELLANIDAE. 


PACHYCHELES LATUS, new species. 


Plate 57, figs. 21-28. 


Type-locality.— Costa Rica; Port Limon. Pliocene series. Dr. 
L. A. Wailes, collector. Station 4269. Holotype, left manus with 
propodal finger; inner proximal corner of manus broken off. Para- 
type, left manus, with both fingers; proximal portion of manus 
broken off. 

Type.—Cat. No. 324264, U.S.N.M. 

Measurements—Width of paim, 4.6 mm.; length of same to sinus, 
5.1 mm.; length to end of finger, 6.7 mm.; greatest thickness, 2.3 mm. 

Holotype.—Outer and inner margins thick and strongly curved 
in dorsal view; upper surface covered with granules crowded to- 
gether and of varying size; the granules are continued on the outer 
surface and a little way on the under surface; they are then replaced 
by squamiform granules and short rugae which are continued over 
the inner surface. There are no marginal lines indicated. At the 
distal end, the width from the articulating condyle to the inner angle 
is nearly as great as to the outer margin. The fixed finger is short 
and stout, width subequal to length; a bit of the tip is, however, 
missing; a low tooth occupies the greater part of the basal half of 
the prehensile edge. 

Paratype.—Smaller than the holotype and much worn so that the 
granulation is not well marked. ‘Tooth at base of immovable finger 
minute. Movable finger very short and broad, granulate, with a 
basal prehensile tooth, its surface granulate. 

In general shape and granulation, this form resembles the manus 
of the Recent P. grossimanus (Guértin) from Peru and Chile, but in 
the latter the outer margin is paved with larger granules forming a 
definite edge, and the propodal finger is longer and more curved. 


PETRCOLISTHRS AViITUS, new species. 


PUATOM Oe Srey 


Ty pe-locality.—Costa Rica; Port Limon. Phocene series. Dr. 
L. A. Wailes, collector. Station 4269. 

Type.—Cat. No. 324266, U.S.N.M. 

Holotype—Palm of left cheliped, showing the greater part of the 
upper and lower surfaces including the inner margin and the distal 
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articulating edge of the lower surface. Outer edge, proximal end, 
and finger missing. Upper surface covered with coarse granulated 
striae oi very diiierent lengths, varying from i to 10 or i2 granules, 
and arranged obliquely longitudinally. Lower surface covered with 
curved, wavy and punctate striae starting almost at right angles with 
the inner margin, curving slightly forward and then abruptly back- 
ward; so that the greater part is more longitudinal than transverse; 
the striae are somewhat subdivided and followed outwardly by 
shorter striae; at the inner end they terminate abruptly, so that from 
above they have the appearance of 13 truncated shallow teeth. 
Length 5.2 mm. 

This manus resembles that of two common recent species, P. 
armaius (Gibbes)*, and ?. galathinus (Bosc)*, both found on the At- 
lantic as well as on the Pacific side of the continent. The upper 
surface of the palm is simiiar in 7’. armatus, that is, it is ornamented 
with short, irregular striae, which are, however, parallel to the inner 
margin, while in the fossil form they diverge proximally from the 
margin. ‘The lower surface of /. avitus, on the other hand, resembles 
more closely that of P. galathinus, but in the latter, the striae trend 
more strongly forward on leaving the inner margin, and that margin- 
itself is not formed of such strongly marked teeth. 


Superfamily THALASSINIDEA. 
Family AXIIDAE. 


AXIUS RETICULATUS, new species. 
Plate 57, figs. 2 and 3. 
Type-locality—Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. From lowest fossiliferous bed. Third bed below lowest 
limestone beds separated by vows of nodules. Lower part of upper 
half of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 19i1. Station 6020q. 
Holotype-—Cat. No. 324260, U.S.N.M. Left propodus of first 
pereiopod, embedded in a nodule and showing the finger and the 
greater part of the palm, except the proximal end and the distal 
upper corner. An impression of the same is shown in another piece 
of the nodule. The segment as uncovered is 14.3 mm. long, greatest 
height 5 mm., length of finger 7mm. The palm is greatly swollen 
and at the top rounds over into a broad upper surface about 2.4 mm. 
in width. ‘The shell is considerably cracked and in life may not have 
been as thick as it appears. The lower margin is sinuous, forming a 
bay at about the distal third of the palm; so far as the edge is pre- 
served it is formed of small bead granules. The outer and upper 
surface is ornamented with granules irregular in size and disposi- 


1 Porcellana armata Gibbes, Proc. Amer. Assoc. Ady. Sci., vol. 3, 1850, p. 190. 
2 Porcellana galathing Bosc, Hist. Nat. Crust., vol. 1, 1802, p. 233, pl. 6, fig. 2 


me 
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tion, larger and thicker on the distal part midway between upper 
and lower margins, elsewhere smaller and to a large extent forming a 
reticulate pattern; proximally on the upper part of the outer surface 
the raised reticulate lines are smooth, or non-granulate. 

The outer surface of the finger is rather regularly tapering, the 
lower margin directed slightly upward, the superior margin nearly 
straight; surface smooth; finger thick, the upper surface oblique or 
beveled; traces of fine teeth are visible on the prehensile edge. 


AXIUS?, species. 
Plate 57, fig. 10. 

Locatity—Panama Canal Zone. From near Mount Hope, in ditch 
through swampy ground. About one-quarter mile from present sea 
beach, 6 to 8 feet above high tide. Pleistocene series. D. F. Mac- 
Donald, collector. April, 1911. Station 5850. Cat. No. 3824250, 
U.S.N.M. 

Material—A. single movable spine, 6.7 mm. long, with the tip 
broken off, resembles the styloid scaphocerite or movable acicle of the 
outer antenna of some species of Awius. The spine is somewhat 
3-angled, the most acute edge being dorsal, the two blunt edges being 
nearer together and ventral. There are a few punctae: 4 large ones 
in a row on the ventral surface; 2 large, external, far apart, just 
below the upper margin; 4 small ones, internal, 3 of which form a 
triangle near the middle, while the other is nearer the distal end. 


Family CALLIANASSIDAE. 


KEY TO THE SPECIES OF CALLIANASSA HERE DESCRIBED. 


The material is insufficient to distinguish between the larger and 
the smaller chela of the same pair, which also may vary in shape and 
size in the two sexes. 

A*. Manus and carpus meeting in an oblique line. 

Bu Lower margin of)imanus) serrated 22 oS) ie aa ovalis, p. 187 

Jeni Bron yyere watseenboucone soaks onpis} Sponvoyoye Mn wen No Ne lacunosa, p. 138 
A’, Manus and carpus meeting in a vertical line. 

B*. Lower margin of manus directed forward and upward, at least in part. 

Ct. Palmar portion of manus distinctly longer than high. 
D*. Palm compressed. 


HK. Palm elongate; margins strongly convergent________ elongata, p. 139 
EH”. Palm less elongate; margins moderately convergent___scotti, p. 140 
AMEN 24 NE sails YS yc ile ree sie kU aN a al moinensis, p. 142 


C*. Palmar portion of manus about as long as high, or shorter. Upper 
margin of manus directed forward and downward toward the lower 
margin. 

D*, Immovable finger very thin, a cross-section near its base being more 
than twice as long as wide. A strong tooth in the sinus between the 
fingers or on the base of the immovable finger________ spinulosa, p. 1438 

D*, Immovable finger thicker, a cross section near its base being less 
than twice as long as wide. <A tooth in the sinus between the fingers 
but near the base: of the da ety las esse cae c wUiatin Vane aso tenuis, p. 144 
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A’*®, Manus and carpus meeting in a vertical line—Continued. 
B’. Lower margin of manus directed straight forward or nearly so; that is, 
at right angles to its proximal margin. 
C’. Upper margin of manus subparallel to lower margin. No tooth in 
sinus between fingers. Carpus much higher than long. 


D’. Lower margin serrulate_______ BRN NE So hh ALA RDO quadrata, p. 145 

Deinowersmarcin sranwlate 1 IL es emu ys Cn aie toulai, p. 146 

C*. Upper margin of manus directed forward and downward toward lower 
margin. 

Dp’. A large tooth in sinus between fingers and situated on base of im- 

movable finger__ aaa eS ie ea _—__abbreviata, p. 147 


D*?. A small tooth in sinus between ieee. and situated near movable 
finger. Carpus very little, if at all, higher than long___hilli, p. 148 

D*. No tooth in sinus between fingers. Fingers long and strong. 
vaughani, p. 148 
B®. Lower margin of manus unknown. A stridulating ridge near the hori- 
POUNCE UL, WH ay Oey Bn woes Boker tra eS ae Oy SN a ate ge ee stridens, p. 151 

A®. Meeting of manus and carpus unknown. 
B*. Immovable finger slender. Distal articulating edge of manus crenulate 
el Were) Ololikano Ve wee Eee Eee ee L414) _erassimanda, p; 141 
B®. Only the dactylus known. 

©’. Dactylus of large size. Cross section at base subcylindrical. Pre- 


FSIS BIL lS ate Ha ne at IE LENSE SOKO Oo, AS 
C?. Dactylus half as long as preceding, more compressed. Prehensile 
edgenchicker www PUN Wg Ue a URL crassa, p. 152 


The 2 Callianassas to which specific names are not given are ex- 
cluded from the above key. 


CALLIANASSA OVALIS, new species. 
Plate 59, figs. 1-4. 


Type-locality.—Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. From lowest fossiliferous bed, third bed below lowest 
limestone beds separated by rows of nodules. Lower part of upper 
half of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6020a. Holotype 
and one paratype. Cat. No. 324269, U.S.N.M 

Holotype.—A left chela with wrist and arm attached, and enclosed 
in a nodule which is split in two. The specimen had been crushed, 
and the half nodule containing the impression shows also small 
pieces of the cheliped itself. Wrist and manus together oblong- 
oval; line between them oblique; upper and lower margins of manus 
slightly convex; greatest width about equal to the upper length; 
from the widest point, the lower margin of the propodus slants 
upward. Fingers directed straight forward and of subequal length. 
Immovable finger an isosceles triangle, the base of which is two- 
thirds as long as either side; end blunt; cutting edge with a shallow 
triangular tooth at the proximal two-fifths. Movable finger sub- 
oblong, end broad, cutting edge with a broad, shallow, rounded tooth 
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near the base. The merus appears to be about twice as long as high 
and is dilated at the middle. 

Measurements.—Length of carpus and propodus, measured from 
lowest point of articulation with merus to end of propodal finger, 
20.5 mm.; proximal width of propodus (approx.), 9.4 mm.; greatest 
width of same, 10 mm.; distal width of same, 8.7 mm.; superior 
length of same, 10.2 mm.; inferior length of same, 13.2 mm.; length 
ef propodal finger measured on cutting edge, 5.7 mm.; length of 
dactylus, 5.7 mm. 

Paratype—(a) Left manus with part of the fixed finger, em- 
bedded in a nodule and exposing the outer surface. Larger than 
holotype. The lower margin of the manus has blunt serrations 
resembling the stumps of spines; above the margin is a row of five, 
distant punctae; at the distal end there are two rows of granules 
leading toward the upper part of the fixed finger. 

Paratype.—(b) Carpus of left cheliped embedded in a nodule and 
imprint of same, showing the distal and upper margins and a large 
part of the outer surface. The distal margin is oblique and concave 
and has a little rounded lobe at each end; the upper margin is arcuate 
and has a submarginal groove. 


CALLIANASSA LACUNOSA, new species. 
Plate 59, figs. 6-11. 


Type-locality—_One-quarter mile south of Empire Bridge, Canal 
Zone, Panama; from lower dark clay beneath lower conglomerate. 
Lower part of Culebra formation. Oligocene series. D. F. Mac- 
Donald and T. W. Vaughan, collectors. 1911. Station 6012¢. Two 
specimens,-each a left propodus of the first cheliped. Cat. No. 
324278, U.S.N.M. 

Holotype-——The palmar portion of a propodus, the fixed finger 
broken off near its base; the propodus is incomplete near the dactylus 
and also at the proximal end; this end is, however, fairly complete 
on the inner surface, so that the measurements may be stated with 
approximate accuracy. Length, at the level of the sinus between 
the fingers, 16 mm.; greatest height, 15.6 mm.; least height, 15.2 mm. ; 
thickness, 6.6-:mm. The upper margin is a little arched, the lower 
nearly straight; they converge a little distally; they are very thin; 
the top of this thin edge along the upper margin is set with oblong 
tubercles, dorsal in position; the lower edge is smooth. ‘The outer 
surface has a row of 6 pits a little above the edge and fairly evenly 
spaced; they have a raised edge and are distally inclined, indicating 
that they were sockets for hairs or bristles; 3 similar pits far apart 
are close up under the upper margin; of the few scattered pits, 3 
form a triangle at the distal end, the one near the base of the fixed 
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finger being the largest; there is also a medium-sized pit a little 
below the middle, while 3 small ones are visible near the proximal 
end. A prominent blunt ridge runs from near the top of the fixed 
finger obliquely backward and upward for a short distance on the 
palm; near this ridge, but chiefly above it, and partly behind it, 
there is a patch of low tubercles, mostly oblong but very irregular 
im shape and size. On the inner surface there is a row of 8 sockets 
a little distance below the thin, upper, marginal rim; these sockets, 
while of good size, have very narrow, perpendicular openings. Above 
the lower margin there is a row of 12 sockets; this row distally ap- 
proaches close to the edge, while the sockets themselves become larger 
and farther apart; they are very oblique to the margin and are 
almost more distal than lateral in their inclination. These 2 rows 
of sockets on the inner surface are more prominent than any others; 
below the middle there are 10 or 12 scattered sockets mostly small; 
near the middle there is a patch of tubercles, somewhat masked by 
a thin layer of adhering matrix. On the inner surface there is a 
blunt ridge leading back from the finger similarly placed to that on 
the outer surface, but lower and wider. The finger is slender, judging 
from the section at its base. 

Paratype.—This propodus shows the outline of the proximal end, 
but the distal end is broken off and not a vestige of the finger remains. 
The size is less than in the holotype: length, at the level of the sinus 
between the fingers, 10.8 mm.; greatest height, 11.4 mm.; least 
height, 10 mm.; thickness, 5.2 mm. The margins are more con- 
vergent than in the holotype and the palm is relatively shorter. The 
upper as well as the lower edge is almost smooth. On the outer sur- 
face the sockets in the upper submarginal row are 4, as there is an 
additional one visible at the proximal end; the sockets of the lower 
row are fewer and more distant than in the larger specimen, as only 
5 can be detected; of the scattered sockets, 3 form a distal triangle, 
while 10 or 12 small ones are disposed transversely near the proximal 
end; the protuberances above the oblique ridge leading from the fixed 
finger consist of a few small granules. On the inner surface, a 
row of 8 submarginal sockets above, as in the holotype; near the 
lower margin only 10 sockets can be counted, because the distal 
corner is broken away; scattered sockets 16 or 18, below the middle; 
a few granules close to the sinus between the digits. 


CALLIANASSA ELONGATA, new species. 


Plate 60, figs. 4-6. 


Type-locality—Panama Canal Zone. Las Cascadas_ section, 
Gaillard Cut. From lowest fossiliferous bed, third bed below lowest 
limestone beds separated by rows of nodules. Lower part of upper 

8370°—18—Bull. 108——10 
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half of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6020a. 

Holotype-—Cat. No. 324271, U.S.N.M. A Jeft manus, with base 
of immovable finger attached; this shows all of the outer surface, 
except the margin bordering the dactylus; nearly the whole of the 
inner surface is concealed by the matrix. The upper margin isnearly ~ 
straight throughout its length, and is bluntly angled; lower margin 
very sinuous, the manus being very much deeper in its proximal 
than its distal half, edge serrulate or spinulous throughout its length; 
proximal edge vertical, nearly as long as upper margin. On the 
outer surface there is a group of granules at the distal two-sevenths 
and just below the middle; there is a curved row of granules near 
the sinus, which is continued upon the propodal finger near its upper’ 
edge; 6 granules in all are visible. Finger very slender, inclined 
downward. The dactylus must have been very stout, and the adja- 
cent edge of the manus very oblique, but it is now incomplete. 

Measurements.—Superior length of manus (approx.), 15.7 mm.; 
length to sinus, 20.4 mm.; greatest height, 16.2 mm.; proximal height 
(approx.), 15.1 mm.; distal height, 12.4 mm. 


CALLIANASSA SCOTTI Brown and Pilsbry. 
Plate 60, figs. 9-12. 


Callianassa scotti Brown and Piussry (part), Proc. Acad. Nat. Sci. Phila., 
vol. 64, 1913, p. 503, pl. 22, figs. 1 and 8 (not fig. 2). 


Locality—Panama Canal Zone. From the 4 feet of dark strati- 
fied tuff and clay immediately overlying the lower limestone bed. 
Las Cascadas section. Upper part of Culebra formation. Olgo- 
cene series. D. F. MacDonald and T. W. Vaughan, collectors. 1911. 
Station 60195. Cat. No. 324279, U.S.N.M. 

Material—aA left manus, removed from the matrix, and incom- 
plete at the proximal end. Outer surface very convex from upper to 
lower margin; upper margin straight, with a blunt marginal line; 
lower edge acute and serrulate with fine appressed teeth or spines, 
inclined upward toward the base of the finger, then downward; 
three granules or tubercles in a curved row just outside the edge of 
the sinus between the fingers. The cross section of the finger near 
its base is very small, in relation to the manus. Inner surface 
slightly convex, from upper to lower edge, and with a depression on 
either side of the base of the fixed finger; numerous granules near 
the distal end, some arranged in a curved band between the two 
fingers. | 

Measurements.—Greatest height of manus, 25.2 mm.; least height 
of same, 23.8 mm.; length of same to digital sinus, 24.6 mm. ; thickness 
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of same, 10.9 mm.; greatest diameter of fixed finger near its base, 
6.5 mm.; least diameter of same, 4.2 mm. 

Holotype and paratypes—In the material included by Mr. Brown 
and Dr. Pilsbry under C. scotti are specimens of three species; two 
of these species were figured with the original description; the larger 
species illustrated! by figures 1 and 3, plate 22, is chosen to bear the 
name scott?, and the original of figure 1 may be designated as the 
type-specimen, as it is free from the matrix and shows more of the 
characteristic granulation than does the original of figure 3, which 
is furnished with a propodal finger, but is half embedded in a matrix. 
Tt also shows, although roughly, a row of 5 pits on the upper margin; 
this row, however, slopes downward a little distally on to the inner 
surface. The greatest height of the type is 27 mm., length at level of 
sinus between fingers, 28 mm. 

Still a third specimen, also a Jeft manus, was ‘taken at the same 
place; the surface is much worn, but the el angles are well de- 
fined. The type-locality is in the lignitic layers, about 65 feet below 
the base of the Pecten bed at Tower N., Las Cascadas section, Gail- 
lard Cut; Prof. W. B. Scott, collector, 1911. Type, Cat. No. 2259, 
Mus. Acad. Nat. Sci., Philadelphia. 

_The hand mentioned by Brown and Pilsbry,? as collected by W. M. 
Gabb in Costa Rica, apparently belongs to C’. scotti. It shows well 
the upper marginal row of pits, numbering 7, which drops distally 
on to the inner surface. ‘The specimen is labeled “ Miocene.” Cat. 
No. 2255, Mus. Acad. Nat. Sci., Philadelphia. 


CALLIANASSA CRASSIMANA, new species. 
Plate 61, figs. 15-17. 

Type-locality— Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. From lowest fossiliferous bed, third bed below lowest 
limestone beds separated by rows of nodules. Lower part of upper 
half of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6020q. 

Measurements.—Distal height of palm, 22 mm.; thickness of palm, 
at least 7.7 mm.; length of crenulated lobe bordering dactylus, 10.2 
mm.; upper length of dactylus (tip broken off), 18 mm.; greater 
dhenagioe at the break near the tip, 1.7 mm.; lesser diameter at same 
point, 1.8 mm.; greater diameter at a eee about middle of finger, 
3.8 mm.; lesser ena at same point, 2.8 mm. 

HT Oa heeene No. 324273, U.S.N.M. A portion of the distal end 
of the left manus with the propodal finger attached; embedded in a 
nodule. This must have been a VEL large ‘Specimen. The oblique 


1 Proc. Acad. Nat. Sic., Phila., om 64, 1913, p. 503 ° Idem, p. 504. 


142 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


margin of the lobe of the manus which overlapped the dactylus is 
very oblique and is straight and deeply crenulated with about 16 
crenules; the length of the lobe is as great as the distance across the 
adjoining sinus and the propodal finger. This sinus is very deep 
and proximally subtruncate. The immovable finger is very narrow in 
relation to the size of the palm; it is slightly compressed, and bends 
upward; on the inner surface just within the lower margin there is 
a row of punctae; on the outer face there are 3 larger spots, 2 near 
the lower margin and one near the sinus, which may be sockets for 
setae. A tubercle on the outer surface just behind the sinus. The 
inner surface of the manus is deeply channeled out near the sinus 
between the fingers. 

The holotype is in two pieces, as the immovable finger is broken in 
two, the distal portion embedded in that half of the nodule which 
bears the imprint of the remainder of the holotype. 

This species is very near C’. scotti, but has a larger sinus between 
the fingers, a longer propodal finger, and a shallower sinus in the 

lower margin of the manus just behind the finger. 


CALLIANASSA MOINENSIS, new species. 
Plate 60, figs. 1-3. 


Type-locality—Moin Hill, near Limon, Costa Rica. Probably 
equivalent to Gatun formation. Miocene series. H. Pittier, collector. 
Propodus of right cheliped, and an impression of half a finger. 

Measurements.—Length (approx.) of manus, to sinus between 
fingers, 9 mm.; height of same, 7 mm.; thickness of same, 4.¢ mm.; 
length of immovable finger (tip broken off), 8.6 mm. 

Holotype—Cat. No. 824287, U.S.N.M. Palm much swollen, cross 
section ovate, lower margin viewed from the side very arcuate, upper 
margin slightly so. The surface has almost entirely lost the outer 
white layer, but the next layer is gray and is crossed transversely by 
many very short rugae, which are strongest on the lowest part of the 
outer surface. There is a distinct line below dividing the inner from 
the outer surface and marked by an irregular row of very fine 
punctae. Qn the inner surface considerably below the upper margin 
there is a row of large punctae. 

The immovable finger is slender, bent downward and curved 
inward. It has 7 more or less defined ridges, the bluntest of which 
is the most inferior; either side of the ridge representing the pre- 
hensile edge there is a granular ridge, the outer of which is less 
elevated; in addition, there are 2 ridges on the outer surface and one 
on the inner; near each ridge there is a row of fine punctae. Pre- 
hensile edge armed with small irregular teeth. There is an unusually 
deep furrow above the principal ridge on the inner surface. 
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Paratype (a).—Cat. No. 324287, U.S.N.M. On a small piece of 
crumbling rock there is an impression of the distal half of a finger, 
but not the finger of the holotype. The impression has a similar 
curvature and 3 rows of punctae are present. 

Paratype (6). —Cat. No. 824288, U.S.N.M. Moin Hill, Costa Rica; 
third fossiliferous zone below the uppermost; just below level of rails 
in railway cut. Probably equivalent to Gatun formation. Oligocene 
period. D. F. MacDonald, 1911. Station 5884d. A right propodus 
without finger, similar in size to the holotype and corresponding in 
its characters. 

CALLIANASSA SPINULOSA, new species. 


Plate 61, figs. 6-9. 
Callianassa scotti Pitsspry (part), Proc. Acad. Nat. Sci. Phila., vol. 64, 1918, 
p. 503 (not pl. 22, figs. 1-3). 

Type-locality.—Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. From lowest fossiliferous bed, third bed below lowest 
limestone beds separated by rows of nodules. Lower part of upper 
half of Culebra formation. Oligocene series. D. F. MacDonald and 
T. W. Vaughan, collectors. 1911. Station 6020a. 

Holotype.—Cat. No. 324272, U.S.N.M. Left propodus which was 
encased in a nodule; the manus has been removed except the proximal 
part of the outer surface; of the propodal finger only the impression 
remains. Length of manus less than greatest height; the upper and 
lower margins converge distally, the upper margin convex, the lower 
sinuous. Outer surface very convex in a vertical direction, having 
a few scattered granules, also a short vertical line of 3 granules near 
the upper distal corner, a row of 6 distant granules just above the 
lower margin, and a sharp granule near the sinus. The lower margin 
is very thin and serrated; between the serrations are the truncated 
bases of movable spines; 9 such spines remain. Upper edge bluntly 
margined. Inner surface convex except near the inferior and distal 
margins; a row of 8 granules on the middle line, 2 above the base of 
the propodus, 2 parallel to the lower margin, and many small granules 
just above that margin. An obliquely longitudinal line of pits below 
the upper margin. 

The propodal finger is very much smaller than the dactylus and 
thin; a cross secticn near its base is somewhat diamond-shaped, the 
impression of the thumb (viewed sideways) is subtriangular, end 
curved upward; prehensile edge concave; at its base in the sinus be- 
tween the fingers there is a short but strong curved tooth; on both 
outer and inner surfaces of the thumb, leading down from the palm, 
there is an oblique ridge. 

Measurements.—Length of propodus to end of finger (approx.), 
22.4 mm.; length of manus, measured on the inner side, to sinus, 14.7 
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mm.; greatest height (proximally), 15.3 mm.; least height (distally), 
13.3 mm. 

Paratypes.—(a) One left propodus with about half of the fixed 
finger attached was taken in the lignitic layers, about 65 feet below 
the base of the Pecten bed at Tower N., Las Cascadas section, Gail- 
lard Cut; central part of Culebra formation, Oligocene series; Prof. 
W. B. Scott, collector; 1911 (Mus. Acad. Nat. Sci. Philadelphia). 
The specimen is half embedded in a nodule which conceals the inner 
surface and the upper part of the outer surface. It is nearly as large 
as the type. It shows the large tooth at the proximal end of the pre- 
hensile edge of the fixed finger, the tubercle on the outer surface near 
the sinus between the fingers, and roughly, the ornamentation on the 
lower edge of the palm. 

(6) From the same source, a similar left propodus half embedded 
in a nodule but so as to expose the inner surface and the upper edge; 
it shows the characteristic row of pits on the inner surface just below 
the upper edge, the row sloping downward distally. 

(ce) Also a third specimen, free from the matrix but with the edges 
broken; it shows the palmar ridge leading to the fixed finger and the 
basal tooth on the edge of the latter. 


CALLIANASSA TENUIS, new species. 


Plate 60, figs. 18 and 14. 


Type-locality— Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. From fifth or topmost limestone. Emperador limestone. 
Oligocene series. D. F. MacDonald and T. W. Vaughan, collectors, 
1911. Station 6019¢. 

Holotype—Cat. No. 324282, U.S.N.M. Left manus with propodal 
finger broken off, segment shorter than its greatest height, in general 
subrectangular, with upper and lower margins converging distally; 
cuter surface very convex from top to bottom; upper and lower 
edges marginate, the lower one very thin; inner surface convex ex- 
cept near the bottom where it is flat, at the proximal end where there 
is a furrow parallel with the articulation, and near the distal sinus 
where there is a depression. The propodal finger is very much 
smaller than the dactylus, and its cross section is suboval with 
pointed ends; the sinus is about as wide as the thumb; it bears, close 
up to the insertion of the dactylus and on the edge of the outer sur- 
face, pointing forward, a short, broadly triangular spine. Surfaces 
much worn, so that it is difficult to tell whether unevennesses are 
natural or not. 

Measuremenis.—Length of manus, measured to sinus, 11.4 mm.; 
greatest height, 13 mm.; distal height, 10.8 mm.; thickness, 5.8 mm. 
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CALLIANASSA QUADRATA, new species. 


Plate 62, figs. 4-14. 


Callianassa scotti Brown and Piussry (part), Proc. Acad. Nat. Sci. Phila., 
vol. 64, 1918, p. 508, pl. 22, fig. 2 (not figs. 1 and 8). 

Represented by 2 specimens of the left manus from which the 
propodal finger has been broken off. The smaller one is used as 
the type, as it is the better preserved. 

Type-locality—Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. From lowest fossiliferous bed, third bed below lowest 
limestone beds separated by rows of nodules. Lower part of upper 
half of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6020a. Holotype 
and paratype. Cat. No. 324275, U.S.N.M. 


Measurements (in mm.).— 
Holotype. Paratype. 


Heichivor manus near mid lew sei ee ase 3 15.3 
Length of manus measured to sinus_______ dia AS ES) IS, 
ASIN CM ESS HOT TTA TNS See A eG ED ONAN 6. 2 ted 


Holotype.—Hand squarish, with the corners rounded off. The 
upper and lower margins are subparallel, the upper slightly arched, 
the lower with a shallow distal sinus. Distal margin, at the articula- 
tion with the dactylus, nearly vertical. Outer surface slightly con- 
vex in a longitudinal direction, strongly convex vertically, furrowed 
at the distal end across the middle third; inner surface moderately 
convex except at the distal and lower portions, where it is concave; 
there is a groove just above the lower margin which widens as it ap- 
proaches the finger. Lower margin serrulate; upper margin bluntly 
angled except in the distal third, where it is rounded; just within 
this margin there is a row of sockets of which 3 can be made out. 
On the outer surface near the sinus between the fingers there is a 
tubercle and near the carpus 3 granules far apart in a vertical row; 
on the inner surface there is a row of granules, running almost longi- 
tudinally near the middle and thence downwards toward the sulcus 
between the fingers; 2 tubercles near the articulation with the dac- 
tylus. Propodal finger narrow, much compressed, subtriangular at 
the base in cross section, with the small end of the triangle down. 
Base of dactylus very large. 

Paratype (a)—lWUarger than the type; upper margin straighter; 
the tubercle on the outer surface near the sinus is of good size; on 
the inner surface near the middle there are numerous granules instead 
of the single row in the holotype; 2 tubercles near the dactylus. 

Doubtful specimen.—A single specimen of a left carpus, from the 
same locality as the types may belong to the same species. The 
inner surface is mostly concealed by the matrix. Outer surface 
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very convex from the upper to the lower margin; convexity akin to 
that of the manus of this species, which is the reason for placing 
the carpus here rather than with Callianassa elongata or any other 
species occurring at the same locality. Carpus about 12 times as 
high as its greatest width, which is in the upper part; the angle 
formed by the superior and the distal margins is a little less than a 
right angle; superior margin straight; distal angle projecting above 
the articulation with the manus. The inferior distal angle projects 
even more below the articulation; the angle is obtuse; from it the 
margin rounds downward and then upward in a single curve; the 
lowermost part is finely serrate. 

Measurements.—Height of carpus, between distal angles, 18.3 
mm.; greatest height, 18.8 mm.; greatest width, 12.8 mm.; width on 
upper margin, 12 mm.; greatest width below the articulation with the 
merus, 11.8 mm. 

Four specimens before me from the collection of the Academy of 
Natural Sciences of Philadelphia belong to this species; they are one 
right and three left chelae and form part of the material referred by 
Brown and Pilsbry to their C. scotti. (Paratype 6) One left chela 
ts that figured on plate 22, fig. 2.1. All are larger than the type ma- 
terial described above, but so far as their characters are preserved 
they agree in essentials with the type. (Paratype c) The right chela 
(the largest specimen) its about 23 mm. long by 21.2 mm. wide, and 
possesses a longer piece of the propodal finger than the other speci- 
mens; the exposed cross section of the finger is oval. (Paratype d) 
The shortest of the left chelae has a large part of the outer layer pre- 
served on the infero-distal and inferior surface, where it is covered 
with granules, arranged without regularity except for a row on the 
outer surface parallel and close to the lower edge. This row is not 
visible in my figure 14, plate 62. The longest of the left chelae 
(Paratype e) is about 24 mm. by 19 mm., that is, considerably nar- 
rower than (c). 

CALLIANASSA TOULAI, new species. 


“ Krabbenscheren ’’ Touna, Jahrb. der k. k. Geolog. Reichsanstalt, vol. 61, 
1911, p. 512 [26], pl. 30 [1], fig. 14. 

Founded on two chelae, one with palm 20.6 mm. long, 16.5 mm. 
wide, the other (without movable finger) with palm 9.4 mm. long, 
5.5 mm. wide. 

Outer surface of palm arched, inner surface almost flat and with a 
flat depression close to the lower margin and extending. from the 
fixed finger. The upper and lower margins are sharp, the former 
bears 3 spinelike projections directed forward, the lowest spine ends 


1 Proc. Acad. Nat. Sci. Phila., vol. 64, 1913, p. 503 
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in a sharp margin; lower margin very finely and sharply granulate 

to the finger tip. Outer surface smooth and glossy, thickly covered 

near the lower margin with fine granules. Inner surface covered 

with very small, oblong punctae. A stout tooth on the prehensile 

margin of the immovable finger visible from the outside; another 

tooth on the movable finger, visible from the inside. 
Type-locality—Gatun. Miocene series. 


CALLIANASSA ABBREVIATA, new species. 


Plate 63, figs. 1-6. 


Type-locality—Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. From lowest fossiliferous bed; third bed below lowest 
limestone beds separated by rows of nodules. Lower part of upper 
half of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6020a. 4 specimens. 

Types.—Cat. No. 324274, U.S.N.M. 

Measurements —Length of manus to sinus, 10.3 mm.; greatest 
height, 10 mm.; distal height, 8.4 mm. 

Holotype.—Specimen of right manus partially embedded, showing 
inner surface and half of outer surface; an imprint of the inner sur- 
face of the holotype is seen on a separate piece of rock. Length and 
height subequal; infero-proximal angle a right angle, upper margin 
convex. Outer surface slightly convex from end to end, more so from 
top to bottom. Inner surface equally convex in both directions, with 
a furrow close to the proximal end; an oblique furrow near the lower 
edge, directed slightly upward distaily, and a depression leading to 
the sinus between the fingers and to the adjacent part of the immov- 
able finger; on the oblique raised line below this depression, there is 
a row of 4 granules. Upper and lower edges margined; the lower 
edge shows, in the impression, about 18 dots, but whether these are 
punctae or spinules on the outer surface can not be told. There isa 
line of 6 punctae just within the upper margin. A few scattered 
punctae on inner surface. An oblique cross section of the thumb is 
small and somewhat diamond-shaped; above this section there is a 
blunt tooth; sinus between the 2 fingers V-shaped. The impression 
shows a little more of the length of the thumb than remains in the 
type, but represents neither the full length nor width. 

Paratype (a).—Left manus, larger than the holotype, and free 
from the matrix; immovable finger broken off; edges worn; inter- 
digital tooth present, and near by on the outer surface, a granule. 

Paratype (b).—A fragment, comprising the distal lower end of 
the propodus with broken finger attached; interdigita! tooth present. 
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CALLIANASSA HILLI, new species. 


Plate 58, figs. 18-20. 

Type-locality— Gatun beds, Panama Canal Zone. Gatun forma- 
tion. Miocene series. Robert T. Hill, collector; Station 18. 

Types.—Cat. No. 185218, U.S.N.M. 

Measurements.—Greatest height of carpus of right cheliped, 10.2 
mm.; superior length of same, 10.3 mm. 

Material.—s pieces of rock from the same place contain fragments 
of Callianassa which belonged to at least 2 specimens and probably 
represent a single species. The largest piece contains 2 fragments, 
each consisting of a right merus and carpus (the better preserved of 
these may be considered the holotype) ; the imprint of a right wrist 
and hand; the distal half of a right propodus and a portion of the 
dactylus. ‘The second piece of rock has been broken from the first 
and contains the continuation of the right propodus, with carpus 
and merus attached (paratype a), also the first 4 segments of the 
third right leg. The third piece of rock contains the sixth joint of the 
tail (paratype 6). The following description is compiled from all 
the specimens: 

The merus of the right cheliped has the outer margin prominently 
carinate with a smooth rounded carina; upper margin granulated. 
In both instances the merus is so flexed beneath the carpus that the 
lower margin is not visible. The carpus is about equally long and 
high; its upper margin is slightly convex to a point near the articula- 
tion with the merus; distal margin slightly concave, but nearly ver- 
tical; margin from the infero-distal angle to the merus strongly arcu- 
ate. Manus about as long as high, moderately convex, outer surface 
more so than inner; lower margin nearly straight; just above it on 
inner surface a row of many fine punctae from which setae may have 
sprung; this row is continued on the propodal finger; the latter is 
only partly uncovered; it is flat on the inner side, at least half as long 
as the manus and its lower margin is a straight line continuous with 
that of the manus. 

The right leg of the third pair is very much like the corresponding — 
member in (. stimpsoni Smith, the Callianassa of the Atlantic coast 
of the United States. 

The sixth segment of abdomen or tail is subrhomboidal, with a con- 
striction behind the middle; the segment is much wider in front 
than behind; the depressed portion at the anterior middle was hidden 
in life under the fifth segment. 


CALLIANASSA VAUGHANI, new species. 


Plate 68, figs. 10-18. 
Type-ltocality—Panama Canal Zone. From 85-foot cut on north 
side of big swamp on relocated line, Panama Railroad; 14 to 2 miles 
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beyond Camp Cotton toward Monte Lirio. Gatun formation. 
Miocene series. D. F. MacDonald and T. W. Vaughan, collectors. 
1911. Station 6080. Holotype and 2 paratypes. Cat. No. 324285, 
U.S.N.M. 

Holotype.—Portion of the right claw, comprising the distal end of 
the manus and both fingers; outer surface only. Height of manus at 
distal end equal to length of dactylus measured on the chord from the 
tip to the middle of its articulating edge; surface convex from upper 
to lower edge. Fixed finger wide in its proximal half, then abruptly 
narrowed; distal half directed slightly upward; length twice as great 
as basal width. The ends of the fingers are somewhat crushed; the 
movable finger curves strongly downward and appears to overreach 
the tip of the immovable finger, being at right angles to it; its lower 
edge has two teeth, one near the articulation squarish, broader than 
long, the other smaller, separated by a rounded sinus. At the sinus 
distal to this tooth is the widest interdigital gape; a little further on 
the fingers would meet for a ways, if they were closed, while the tips 
would cross each other. The greatest width of the dactylus is a little 
more than a third of its greatest length, measured in a straight line. 

The oblique edge of the propodus which projects over the dactylus 
is crenulate. On the manus near the gape of the fingers there are 3 
tubercles in a curve parallel with the edge. Behind the crenulation 
there are 2 scale-like sockets from which setae probably arose, and 
behind these a vertical thumb-nail impression. Near the supero- 
distal angle of the manus there is another socket. On the proximal 
half of the dactylus there are 9 sockets of larger size than those on 
the manus and irregularly disposed; 2 are on the larger prehensile 
tooth and one on the smaller. 

Paratype (a)—lLeft manus; both sides visible. A smaller speci- 
men than the holotype. Upper and lower margins distally converg- 
ing. Length a little more than greatest width. Outer surface con- 
vex in both directions, but more so from top to bottom. Surface for 
the most part smooth and shining. The ornamentation is like that 
of the type, that is, a crenulated edge on the lobe which overlaps the 
dactylus, a row of tubercles just behind the gape—the lower of the 
5 tubercles is broken off—above this 2 sockets, and then a very short 
thumb-nail impression, followed by a socket near the upper angle. 
The upper margin is subacute in its proximal half, becoming gradu- 
ally blunt toward the distal end; on either side is a row of sockets; 
& are visible on the outer surface and 5 on the inner; lower margin 
sharp, also with a row of sockets on either side; 5 are visible on the 
outer side and about 10 on the inner side in the distal half; the 
proximal half is broken. There are a few punctae scattered about 
the outer surface; while on the inner surface near the depression 
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leading to the gape there is a double row of granules, 8 of which 
can be made out. The edge overlapping the dactylus is crenulate on 
the inner surface. 

Paratype (b).—Portion of left propodus showing part of finger 
and a small part of the manus. Surface shining. Three tubercles 
near gape, and continuing the same curve along the upper part of the 
outer surface of the finger, there is a granule followed by 2 sockets. 

Measurements —({ Approximate only.) Holotype: Distal height 
of manus, 19.3 mm.; length of dactylus from tip to proximal end of 
upper margin, 238.5 mm.; height of dactylus, measured straight up 
from the edge of the basal tooth, 8.6 mm.; length of immovable 
finger measured along the prehensile edge, 15 mm.; height of same 
at base, 7mm. Paratype (a): Length of manus across middle, 19.5 
mm.; proximal height, 16.7 mm.; distal height, 15 mm.; greatest 
thickness, 6.6 mm. Paratype (b): Height of immovable finger at 
base, 5.8 mm. 

Additional localities —Panama Canal Zone. Las Cascadas sec- 
tion. From lower part of lime-cemented soft gray to olive-colored 
hmestone with central parting of dark clay. The first hard, limy 
sandstone bed above the lower limestone just above Station 60190. 
Upper part of Culebra formation. Oligocene series. D. F. Mac- 
Donald and T. W. Vaughan, collectors. 1911. Station 6019¢. One 
left propodus with most of the fixed finger attached. The specimen 
is so bruised and crushed that its identity can not be determined with 
certainty. Cat. No. 324283, U.S.N.M. 

Also, from the same place, a right dactylus from a cheliped of 
much smaller size. Its identity is uncertain. It lacks the large teeth 
on the cutting edge, but it may belong to the feebler of the two 
chelipeds, or to a female. There is evidently a shallow sinus at the 
base, followed by a low broad tooth. Six sockets for setae can be 
made out. The thick outer crust has nearly all broken away. Cat. 
No. 324283, U.S.N.M. 

Panama Canal Zone. From lowest horizon in big cut from 4 to $ 
mile beyond Camp Cotton toward Monte Lirio. Lower part of 
Gatun formation. Miocene series. D. F. MacDonald and T. W. 
Vaughan, collectors. 1911. Station 6029. Left manus, about 9.6 
mm. long, measured at the level of the articulating condyle of the 
dactylus; edges mostly broken and obscured. Identification based 
(1) on the general contour of the surface, (2) the color, a light drab, 
(8) the margin adjacent to the articulating condyle of the dactylus, 
and (4) 2 sockets just below the upper margin on the inner surface. 
Cat. No. 324284, U.S.N.M. 
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CALLIANASSA STRIDENS, new species. 


Plate 61, figs. 12-14. 


Type-locality—Panama Canal Zone. From third hard sandstone 
bed from bottom. Las Cascadas section. Upper part of Culebra for- 
mation. Oligocene series. D. F. MacDonald and T. W. Vaughan, 
collectors. 1911. Station 6019e. Cat. No. 324281, U.S.N.M. 

Holotype.—Manus of a left cheliped. Only the upper two-thirds 
is visible, the lower third is embedded in rock. Upper margin 
horizontal, distal and proximal margins vertical, supero-posterior 
corner rounded. Upper edge thin, a little sinuous, viewed from the 
top. On the inner surface a little below the upper edge there is a 
row of 8 short vertical ridges, which occupies the whole length of 
the segment. This may have been a stridulating mechanism. 

Measurements.——Superior length of manus, 11 mm.; thickness, 


3.1 mm. 
CALLIANASSA MAGNA, new species. 


Plate 62, figs. 1-3. 

Type-locality—Panama Canal Zone. Las Cascadas section, Gail- 
jard Cut. From lowest fossiliferous bed. Third bed below lowest 
limestone beds separated by rows of nodules. Lower part of upper 
half of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6020a. Cat. No. 
324270, U.S.N.M. 

Measurements.—Greatest length of movable finger (tip broken 
off), 33 mm.; greatest height, 13.2 mm.; thickness, 0.8 mm.; length 
of basal sinus, 6 mm. 

Holotype.—The only specimen is a movable finger or dactylus of 
the right cheliped. It is very much worn and a considerable portion 
of the tip is lacking. The lower border is thin, but the remainder 
is thick and in cross section subcircular, and tapers gradually to- 
ward the distal end. At the proximal end below there is a broad 
sinus; the thin prehensile edge is slightly concave, viewed from out- 
side, and feebly denticulate, especially when viewed from inside; 
there is a somewhat larger and better preserved tooth just within the 
margin at the widest part of the finger. Upper margin in outer view 
straight in its proximal half, gently curved distally. In dorsal 
view the finger is much curved and in the middle of its upper surface 
there is a longitudinal row of four large puncte. 

In its general shape, including the basal sinus, this dactylus re- 
sembles that of C. pellucida Rathbun, from the Leeward Islands, 
a description of which is about to be published by the Carnegie In- 
stitution, but the prehensile edge is thinner and more laminate and 
the inner outline more concave in dorsal view instead of almost 
straight as in that species. 


152 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


CALLIANASSA CRASSA, new species. 


Plate 61, figs. 1-3. 

Type-locality—Gatun section A, bed A (bottom of section). 
Lower part of Gatun formation. Miocene series. D. F. Mac- 
Donald, collector. Station 6003. Two dactyli of the left cheliped. 

Types.—Cat. No. 324276, U.S.N.M 

Measurements.—Length of dactylus, 16.8 mm.; height, 6.2 mm. 

EHolotype.—Outer and upper surfaces exposed, outline of tip ob- 
scure. Viewed from the outside the upper outline is arcuate and the 
tip bent down below the prehensile edge, which is nearly horizontal. 
Viewed from above, the outer line is much curved and the inner line 
nearly straight. On the prehensile edge there is a shailow basal 
sinus, followed by a very low, broad tooth; rest of margin faintly 
sinuous. The surface shows a number of granules, some large, others 
small; the large ones are about 7 on the outer surface and 5 on the 
upper surface; of the former, 2 are submarginal, one of them being 
above the lobe, the other half way to the tip; the other 5 external 
_granules are disposed on the distal half; the 5 superior granules are 
arranged in 2 rows, one row of 3 toward the inner surface, and the 
other row of 2 granules toward the outer surface; the proximal of 
these is double. On the middle of the outer surface there is a patch 
ot about 50 small granules. The chalky-white outer layer of the shell 
has crumbled away except near the edges, so that one can not, tell 
whether the granules were apparent on that surface. Color of sur- 
face now exposed dull hght bluish. 

Paratype.—About two-thirds as large as the holotype, and with 
both ends of the finger missing. Granules as follows: 3 large above 
the lower margin, 2 as in the holotype, the other above the basal 
sinus; on the inner surface are 3 similarly spaced but placed more 
distad. On the upper surface there is a row of 4 toward the inner 
surface, and below the second one from the proximal end are 2 near 
vogether. The small granules are more separated than on the holo- 
type and are distributed chiefly on the upper half of the outer 
surface. 

CALLIANASSA., species. 
Plate 59, fig. 5 

Locality —Panama Canal Zone. Top part of limy sandstone be- 
low upper conglomerate, near foot of stairs, Gaillard Cut. Upper 
part of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6012c. Cat. No. 
324277, U.S.N.M. 

iM ene? —Manus of left cheliped of a a small specimen. Outer sur- 
face visible. Very convex from top to bottom, a deep groove next to 
the edge articulating with the carpus; upper and lower margins ill- 
defined. 
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CALLIANASSA ?, species. 


Plate 64, fig. 10. 


Locality—Panama Canal Zone. Las Cascadas section. From 
lower part of lime-cemented soft gray to olive-colored limestone 
(with central parting of dark clay). The first hard, limy sandstone 
bed above the lower limestone just above station 60195. Upper part 
of Culebra formation. Oligocene series. D. °F. MacDonald and 
T. W. Vaughan, collectors. 1911. Station 6019c. Cat. No. 324280, 
U.S.N.M. 

Material—One small specimen resembling in shape the merus 
joint of the smaller of the chelipeds of the first pair. If the above 
guess be correct, this is from the right cheliped. The two oblique 
grooves near the distal end may have been artificially produced. 


Family PAGURIDAE. 


PETROCHIRUS BOUVIERI, new species. 


“ Petrochirus cf. granulatus Olivier sp.” Touts, Jahrb. der k. k. Geolog. 
Reichsanstalt, Wien, vol. 61, 1911, p. 511 [25], pl. 80 [1], fig. 18. 

Gatun; Miocene (Toula). Not represented in the collection at 
hand. 

There are two recent species of /etrochirus on opposite sides of 
the continent, namely, P. bahamensis (Herbst)*=P. granulatus 
(Olivier), which extends from Florida to Brazil, and P. californi- 
ensis Bouvier? taken at La Paz, Mexico, and in Ecuador. One of 
the principal differences between them lies in the ornamentation of 
the chelae. The right chela of P. bahamensis is covered chiefly with 
fan-shaped clusters of granules, all of which trend forward and 
present a smooth, oval side-face when viewed dorsally; the clusters 
vary in size, and some are composed of only 2 granules, while others 
are represented by only one granule; all are fringed anteriorly with 
hair, which fills the interspaces. The right chela of P. californiensis 
has similarly clusters and single granules, but the clusters are not. 
fan-shaped but round, or nearly round, and are composed of a large 
smooth central granule surrounded by small granules tipped with a 
sharp, horny point; the granules are much more elevated and have a 
more dorsal inclination than in bahamensis; the single granules are 
also more numerous than in that species. 

The right chela of the fossil specimen figured by Toula resembles 
that of P. californiensis. 

The left chela of P. bahamensis is covered with fan-shaped clusters 
of granules like those on its right chela, but the clusters are more 


1 Cancer bahamensis Herbst, Naturg. d. Krabben u. Krebse, vol. 2, 1796, p. 30. 
2 Bull. Mus. Hist. Nat., Paris, 1895, p. 6. 
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crowded, and single granules are fewer. The left chela of P. cali- 
forniensis is covered with clusters like those on its right chela but 
more crowded, and the granules of which they are composed are of 
a smaller average size. 

The left chela of the fossil agrees more nearly with that of P. 
bahamensis. 

We therefore have a Tertiary species combining the characters of 
two Recent species, at least as far as the chelae are concerned, possess- 
ing the right chela of one and the left chela of the other. 


Tribe BRACHYURA. 


Subtribe DROMIACEA. 


Family DROMIIDAE. 
Genus GONIOCHELE Bell. 
GONIOCHELE? ARMATA, new species. 


Plate 57, figs. 11 and 12. 


Type-locality—Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. From lowest fossiliferous bed. Third bed below lowest 
limestone beds separated by rows of nodules. Lower part of upper 
half of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6020a. Movable 
finger of the left cheliped. Cat. No. 324259, U.S.N.M. 

Measurements.—Length of movable finger (tip broken off), 19mm. ; 
width at about the middle, 6 mm.; greatest thickness, 4.5 mm. 

olotype.—The shape is elongate-triangular viewed from outside, 
the prehensile edge being nearly straight and the upper edge slightly 
arched; outer surface convex in both directions. The prehensile 
edge has a sinus at its base, defined distally by a broad tooth which 
is at present truncate, but may have been prolonged in two small 
teeth; beyond are four teeth separated by rounded sinuses and with 
their tips missing; the first two are spiniform, the last two broad 
and thin. The upper margin bears 5 low, spaced teeth, while just 
within and alternating there is a line of 3 teeth. On the outer sur- 
face are 2 rows of tubercles not far from the margins, 4 in the lower 
and 3 in the upper row; the proximal tubercle in the upper row 
is bifid. On the inner surface are 5 tubercles besides those above 
mentioned, 2 in a longitudinal row in the middle, 2 on the distal half 
a little above the prehensile edge, and 1 small one toward the top 
and behind the middle. 
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I have placed this specimen in Goniochele* on account of the 
dactylus being armed on both edges, as in G. angulata Bell,’ the 
type of the genus, and because the general shape of the segment is 
similar. In Bell’s species the dorsal surface is smooth. 


Subtribe OXYSTOMATA. 
Family CALAPPIDAE. 


HEPATUS CHILIENSIS Milne Edwards. 


Plate 66, fig. 4. 
Hepatus chiliensis MILNE Epwanrps, Hist. Nat. Crust., vol. 2, 1837, p. 117. 


Locality —Panama Canal Zone. From near Mount Hope in ditch 
through swampy ground. About one-quarter mile from present sea 
beach, 6 to 8 feet above high tide. Pleistocene series. D. F. Mac- 
Donald, collector. April, 1911. Station 5850. Cat. No. 3242385, 
U.S.N.M. © 

Material—Dactylus of right chela, 5.8 mm. long. This lhttle 
specimen shows all the essential characters of recent individuals of 
this species: 8 shallow rounded teeth on the lower margin; a row of 
5 tubercles on the proximal part of the upper margin and a row of 
4 tubercles just below and on the outer surface; still further down, 
2 more tubercles; a stridulating ridge on the inner surface just 
below the upper edge is formed of upwards of 45 fine parallel striae 
and occupies the greater part of the length of the finger. 

Distribution of Recent materialRanges at the present time from 
Ecuador to Chile. 


HEPATUS, species. 
Plate 66, fig. 12. 


Locality. Panama Canal Zone. From lower part of lime-cemented 
soft gray to olive-colored sandstone (with central parting of dark 
clay). The first hard limy sandstone bed above the lower lime- 
stone just above fossil lot No. 60196. Upper part of Culebra forma- 
tion. Oligocene series. D. F. MacDonald and T. W. Vaughan, 
collectors, 1911. Station 6019¢. Cat. No. 324239, U.S.N.M. 

Material—One dactylus of left chela, much worn and incom- 
plete at both extremities; the proximal half of the upper margin is 
also wanting. The curves in side view are much like those of 
H. chiliensis Milne Edwards. Both inner and outer surfaces are 


1A Monograph of the Fossil Malacostracous Crustacea of Great Britain, pt. 1, 1857, 
Q. 25. 

2Tdem, pl. 4, fig. 6. 

SEMStaeNacenCTUSt., VOL sil Soe Dold. 


8370°—18—Bull. 1083——11 
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convex from top to bottom. The prehensile edge has traces of 2 
small teeth, one near the base and one at about the distal third. 
There are also various depressed granules or pits, namely, a row of 
5 small ones on the upper margin; opposite the distal one of these 
there is a larger one on the inner surface; and 3 or 4 on the outer 
surface. These are all sunken so that they do not project above the 
present surface, which is not the true outer surface. 

This finger is not quite so flat inside as H. chiliensis. 

Measurements.—Length of dactylus, 13.6 mm.; height at middle, 
3.6 mm.; thickness at middle, 2.7 mm. 


CALAPPA COSTARICANA, new species. 
Plate 57, fig. 24. 


Type-locality—Costa Rica: City of Port Limon. Port Limon 
formation. Pliocene series. Dr. L. A. Wailes. 4269. 

FHototype.—Cat. No. 3824240, U.S.N.M. A triangular fragment 
measuring about 9 mm. on each margin, representing the propodal 
finger and the infero-distal portion of the palm of a left chela of 
the weaker form—that is, without a strong submarginal tooth or lobe 
characteristic of the stronger chela in Calappa. Lower margin very 
sinuous, the tip of the finger directed upward, proximal half of 
margin armed with 6 strong tubercles directed distally. Just above, 
on the outer side, and beginning nearer the finger-tip there is a row 
of 11 smaller tubercles, normal to the surface. The prehensile edge 
is nearly straight, inclined at an angle of about 75° with the lower 
margin of the palm, and is furnished with 6 large, unequal tubercles, 
which end at the small sinus which ordinarily exists just below the 
raised margin surrounding the articulation with the dactylus; on 
the upper side of this sinus are 2 small tubercles, and above this 
point, the specimen comes to an end. The outer surface is covered 
with upward of 40 flattened scale-like tubercles pointing upward; 
they are separated from the submarginal row by a smooth depres- 
sion. The propodus is thick and the inner surface is beveled, the 
bevel for the most part smooth; remainder of inner surface studded 
with very unequal pearly granules and tubercles; interspace crowded 
with fine punctae; 2 sinuous ridges run toward the finger-tip. 

This species resembles C. gallus (Herbst)!, which is found living 
at the present time from Florida Keys to Bahia, Brazil. The fossil 
species differs in the very prominent tubercles of the lower margin 
of the palm and the lJonger tubercles of the submarginal row just 
above, on the outer surface. 


pl. 58, fig. 1. 
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CALAPPA FLAMMEA (Herbst). 


Plate 61, figs. 4 and 5. 


Cancer flanmeus Hrrsst, Naturg. d. Krabben u. Krebse, vol. 2, 1794, p. 
161, pl. 40, fig. 2; vol. 3, pt. 3, 1803, p. 19. 

Locality—Near Mount Hope, Panama Canal Zone, in ditch 
through swampy ground about one-fourth mile from present sea 
beach, 6 to 8 feet above high tide; Pleistocene series; D. F. Mac- 
Donald, collector. April, 1911. Station 5850. Cat. No. 324237, 
U.S.N.M. 

Represented only by one dactylus or movable finger belonging to 
the stronger chela. The milling of the stridulating ridge on the 
inner surface just below the upper edge is more strongly marked than 
in most of the recent specimens examined. 

Measurements —Extreme length, 15 mm.; width just distal to the 
upper marginal tooth, 4.7 mm. 

Distribution of Recent material—F rom North Carolina to Colom- 


bia and Venezuela. 
CALAPPA ZURCHERI Bouvier. 


Calappa curcherit Bouvier, Bull. Mus. Hist. Nat. Paris, vol. 5, 1899, p. 190, 
text-fig. 
Panama. Lower Miocene. 
Not represented in the Museum collection. 


CALAPPELLA, new genus. 


Carapace very little broader than long, without clypeiform ex- 
pansions, but with a spine at the junction of the antero-lateral and 
postero-lateral borders, and a spine at each end of the posterior 
border. 

Front small, projecting forward beyond the orbits. 

Orbits small, directed forward. 

In the narrow front and small orbits, this genus resembles Calappa, 
but in its narrow carapace armed with 4 slender spines, it differs 
from that genus as well as from all other Calappinae. 

Type of the genus.—Calappella quadrispina, new species. 


CALAPPELLA QUADRISPINA, new species. 
Plate 58, figs. 1 and 2. 


Type-locality—Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. From lowest fossiliferous bed; third bed below lowest 
fimestone beds separated by rows of nodules. Lower part of upper 
half of Culebra formation. Oligocene series. D. F. MacDonald 
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and T. W. Vaughan, collectors. 1911. Station 6020a. Cat. No. 
324238, U.S.N.M. 

Measurements (approx.).—Length of carapace (spines excluded), 
14 mm.; width (spines excluded), 14.4 mm. 

Holotype.—Species represented by one specimen showing part of 
the carapace and no appendages, enclosed in a nodule which has been 
broken in two. Nodule not.much larger around than the carapace. 

Carapace nearly as long as wide, spines excluded; width between 
outer angles of orbits a little greater than posterior margin. Chord 
of the antero-lateral margin nearly twice as long as that of the 
postero-lateral margin. Antero-lateral margin divided into 2 parts, 
the anterior two-fifths being slightly convex, the posterior three- 
fifths very convex with a tubercle at its middle. Postero-lateral mar- 
gin somewhat sinuous, but in general concave; posterior margin 
slightly convex, about twice as long as the slender spine at either end 
which is directed backward and slightly. outward. Lateral spine also 
slender, but longer, half as long as the postero-lateral margin and 
pointing obliquely backward. 

The central and anterior part of the surface of the carapace is 
lacking. There are, however, two oblique, parallel, branchial fur- 
rows; between them a row of 3 tubercles and some scattered granules; 
the outer part of the branchial region is higher and rough with > 
irregular tubercles which are more or less confluent. Cardiac region 
high, with a median tubercle on its posterior slope; in almost the 
same plane transversely, but on a lower level, there is another tubercle 
on each side just above the postero-lateral margin. 

There is a very small hollow in the nodule where the point of the 
front rested, and on the other half of the nodule may be seen the 
lower surface of the front where it joined the interantennular septum. 

The orbits are small, their upper and lower margins formed by 
two teeth, the innermost advanced, separated by a blunt V-shaped 
sinus. 

On the lower surface, the inner tooth of the orbit is considerably 
elevated (that is, ventrally). A sharp ridge runs obliquely back- 
ward from or near the epistome, and is armed with a tooth at its 
posterior third. 


MURSIA MACDONALDI, new species. 


Plate 58, fig. 21. 


Type-locality—Panama Canal Zone. Las Cascadas section. Fifth 
or topmost limestone. Emperador limestone. Oligocene series. D. 
I’. MacDonald and T. W. Vaughan, collectors. 1911.. One specimen, 
part of left cheliped. Station 6019g. Cat. No. 324229, U.S.N.M. 
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Measurements —Length of palm between articulations, 19 mm.; 
height (approx.), 10.2 mm. 

Represented by the left palm only, which has the customary Calap- 
poid form, and a portion of the immovable finger; the edges are not 
well shown; two teeth may be seen near the distal end of the upper 
margin. The only details of the outer surface that can be made out 
are a few large tubercles, more or less compressed as in Recent species 
of Mursia; these tubercles number about 15; there is a row of 4 
a little above, and subparallel-to, the lower margin; from these 4 
tubercles irregular rows extend obliquely upward, trending toward 
the fingers; including those of the horizontal row, those of the distal 
oblique row are 4, of the second row 5, of the third row 38, of the 
proximal row 3; these rows are not strictly parallel nor their tuber- 
eles regularly spaced. The lower proximal tubercle is the largest and 
most compressed. 

There is an indication of the distal spine of the arm-joint, which 
may be seen in the figure. 

Resembles.Afursia armata de Haan,' but in that species the prin- 
cipal tubercles of the hand are 9, arranged in 3 parallel and fairly 
regular rows. 

MURSIA OBSCURA, new species. 


Plate 61, fig. 18. 


Lype-locality—Near Panama Canal Station “1910,” north of 
Pedro Miguel locks, Panama Canal Zone. From dark clay, lower 
part of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6010. Cat. No. 
324225, U.S.N.M. 

Measurements of fragmentary specimen, 8.2 mm. long, 9 mm. wide. 

Holotype.—The central part of the carapace, devoid of its margin, 
except perhaps the middle of the posterior margin. ‘This fragment 
is embedded wrong side up in a piece of rock; only the thin outer 
crust of the specimen remains and its under surface alone is visible. 
Tt has been referred to this genus because the cavities or pits, which 
represent tubercles on the dorsal surface of the shell, are arranged 
much asin Mursea. There are 5 longitudinal rows of these pits: The 
median row consists of 3 large pits, one cardiac, one genital, one gas- 
tric, preceded by 2 small pits side by side; the two lateral rows 
(on each side) are very little oblique to the median line, but sub- 
parallel to each other; the inner of these rows consists of 4 pits, the 
penultimate one being in a transverse line with the last pit of the 
median row; the last pit of the inner lateral row is round and deep 


1 Fauna Japonica, 1839, p. 73, pl. 19, fig. 2. 
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and indicates a large excrescence, perhaps a spine, on the dorsal sur- 
face; 3 pits only are visible in the outer row, the middle pit is in 
transverse line with the anterior pit of the other rows, while the 
anterior pit of the outer row is not quite in line with the two behind 
it. Either side of the pair of small submedian gastric pits there is 
a large cavity. The furrows separating the branchial from the 
gastric and cardiac regions are indicated by sinuous ridges. 

Judging from the proximity of the rows of pits, this carapace is 
narrower in proportion to its length than in other species of Mursia. 
This together with the evidence of a strong prominence near the 
postero-lateral borders points to a genus different from any described. 


MURSILIA, new genus. 


The manus resembles that of A/ursza, but lacks the crest or ridge 
on the inferior margin. 
Type of the genus.—Mursilia ecristata, new species. 


MURSILIA ECRISTATA, new species. 


Type-locality— Gatun beds. Gatun formation. Miocene series. 
Robert T. Hill, collector. 

Holotype.—Cat. No. 185219, U.S.N.M. 

Measurements.—Length of palm, 9.8 mm., height of palm, 7.4 mm. 

Represented by only one specimen showing the right palm and a 
portion of the wrist. Palm short and high. Surface finely and 
rather distantly granulated on the upper half of the outer surface 
and at the proximal end; more closely granulated on the lower sur- 
face. There are 9 large tubercles arranged in 3 oblique, subparallel 
rows; the tubercle at the inferior proximal corner is much the largest, 
is flattened above and has a raised rim; between it and the next 
tubercle in the horizontal row, but a little below, there is a smaller 
tubercle. Below the distal tubercle of the horizontal row of 3, and 
nearer the inner than the outer surface there is a small tubercle. On 
the upper margin there are 7 narrow, thickened teeth similar to those 
of Calappa. Below the sinus between the fifth and sixth teeth 
(counting from the wrist) there is a low tubercle; also one on the 
base of the second tooth. <A part of a tubercle near the beginning of 
the immovable finger is visible. 

The outline of the wrist is defined, but very little of the surface 
remains; a small piece near the distal upper corner is granulated like 
the upper half of the palm. 

The tuberculation of the manus or palm resembles that of A/ursza, 
the dentation of the upper margin is nearer that of Calappa, while 
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the segment differs from both those genera in lacking the crest on the 
Jower margin of the palm. 


Family LEUCOSIIDAE. 


LEUCOSILIA JURINEI (Saussure). 


Guaia (ilia) jurinet Saussure, Rev. et Mag. de Zool., No. 8, 1853, p. 12, 
pl. 13, fig. 4. 

Leucosilia jurinit Bei, Trans. Linn. Soc. London, vol. 21, 1855, p. 295, pl. 32, 
HIE aL, 

Locality—Panama Canal Zone. From near Mount Hope in ditch 
through swampy ground. About one-quarter mile from present sea 
peach, 6 to 8 feet above high tide. Pleistocene series. D. F. Mac- 
Donald, collector. April, 1911. Station 5850. 

Material.sSix small arm-joints more or less worn; four of them 
are incomplete at one or both ends. 

Size.—Length of a large one, 5.6 mm. 

Distribution of Recent Material—Ranges-from Mazatlan, Mexico, 
to Peru and the Galapagos Islands. 


LEUCOSILIA BANANENSIS, new species. 
Plate 57, figs. 6-8. 


Type-locality— Banana River, Costa Rica. Probably equivalent 
to Gatun formation. Miocene series. D. F. MacDonald, collec- 
tor. 1911. Station 5882A, 56, 1 arm, holotype, from seventh fos- 
siliferous zone below the uppermost one of the section. Station 58829, 
5a, 1 arm, paratype (a), from sixth fossiliferous zone below the up- 
permost one of the section. Station 5882/, 37, 1 arm, paratype (0), 
from fifth fossiliferous zone below the uppermost one of the section. 

Types—Cat. Nos. 324230, 324231, and 324232, U.S.N.M. 

Measurements.—Length of holotype, 11.1 mm.; greatest diameter, 
4.2 mm. 

Represented by only 3 arms from 3 different layers. The best 
specimen represents the left arm nearly complete, lacking only the 
distal articulating edge. 

Shape subcylindrical, slightly compressed in a vertical direction, 
the greatest diameter being proximal to the middle, the smallest 
diameter at the proximal end. The ornamentation consists of 
tubercles or large granules, the granules becoming small at both ends 
of the arm; around the middle of the segment the granules number 
about 15; the tops of the granules are broken off so that they appear 
much flatter than they really were. Compared with ZL. jurinez, the 
arm is more swollen, the granules less numerous, more equal and 
further apart. 
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LEUCOSIIDAE?, genus and species indeterminable. 
Plate 60, figs. 7 and 8. 


Locality—Panama Canal Zone. From near Mount Hope in ditch 
through swampy ground. About one-quarter mile from present sea 
beach, 6 to 8 feet above high tide. . Pleistocene series. D. F. Mac- 
Donald, collector. April, 1911. Station 5850. Cat. No. 3824236, 
U.S.N.M. 

Material—Dactylus of left chela, 11.4 mm. long, with proximal 
end lacking. This dactylus differs from those of Persephona and. 
allied genera in its strong curvature upwards, supposing the pre- 
hensile edge to be directed inwards. This edge is nearly straight 
except just at the tip and is armed with 25 small unequal teeth, 2 of 
which in the proximal third are the largest. Besides this edge the 
surface is composed of 4 high, smoothly rounded ridges separated 
by narrow grooves; 2 of the ridges are inferior, and 2 superior, the 
outermost of the latter embracing the outer edge and having a longi- 
tudinal row of punctae near its middle. Each side of the prehensile 
edge there are 2 or 3 rows of punctae. Tip of finger bent rather 
abruptly but obliquely inward, while in its upward trend it continues 
the curve of the rest of the dactylus. 


Subtribe BRACHYGNATHA. 


Superfamily BRACHYRHYNCHA. 
Family PORTUNIDAKE. 


CALLINECTES DECLIVIS, new species. 


Plate 66, figs. 1-3. 


fype-locality—Banana River, Costa Rica. Eighth fossiliferous 
zone below the uppermost one of the section. Probably equivalent 
to Gatum formation. Miocene series. D. F. MacDonald, collector. 
1911. -Station 58822; 5c. Cat. No. 324262, U.S.N.M. 

Measurements.—Greatest height, 14 mm.; length of manus meas- 
ured horizontally from extreme base of proximal spine, 21 mm.; 
thickness, 9.2 mm. 

Holotype—The propodus of the left cheliped, with the tip of the 
finger broken off. The palm is prismatic as in recent species of 
Callinectes, with 7 facets, more or less distinct; 4 facets on the outer 
surface and 8 on the inner surface. The surface, or what remains of 
it, is smooth and shining to the naked eye, but under a lens, shows 
very fine granulation, and larger scattered punctae. The facets are 
separated by blunt ridges; one facet is a little above the middle of 


- 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 163 


the outer surface, and has subparallel margins; the facet below this 
widens distally and its lower edge, not very prominent, is continued 
upon the finger, where it 1s sharper; the lower facet of the outer sur- 
face is not sharply marked; the facet above the middle narrows 
shghtly toward either end and has raised margins; at its proximal 
end there is the stout base of a large spine such as exists in Uallinectes 
of the present day. The upper facet of the inner surface is narrow, 
wider in the middle than at the ends, and is not depressed, its distal 
outer corner only is visible when the manus is viewed externally; 
at the distal end just outside the inner margin is an indication that 
a spine has been broken off. The remainder of the inner surface is 
divided into 2 facets of nearly equal width separated by a prominent 
ridge. - 

The finger is a little curved inward; on the outer and inner sur- 
face there are 2 grooves, each with a row of large punctae, the groove 
at the middle of each surface being deeper than that near the pre- 
hensile teeth. The teeth are of moderate size, irregular, the larger 
ones alternating with one or two smaller ones; at the broad proximal 
end of the cutting edge there are 2 small teeth side by side, one near 
the inner the other near the outer surface. 

This propodus differs from those of all the Recent Cailinectes in 
the position of the uppermost facet. In C. sapidus, etc., this facet is 
a part of the outer series, that is, continues the slope of the adjoining 


_ facet on the outer surface; while in the fossil 1t inclines downward 


toward the inner surface except at the distal end where it is nearly 
horizontal. Furthermore, the propodugs is shorter in proportion to 
its height than in recent Callinectes. 

I have placed this species in Caliinectes rather than in Portunus 
(= Neptunus of authors) because the palm is nearer the shape of 
Callinectes than it is to similar segments in the genus Portunus, as 
P. sanguinolentus, the fossil is. very unlike any Portunus now living 
on the coast of tropical America. 


CALLINECTES RETICULATUS, new species. 
Plate 66, figs. 5-7. 


Type-locality—Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. From lowest fossiliferous bed; third bed below lowest 
limestone beds separated by rows of nodules. Lower part of upper 
half of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6020a. Cat. No. 
324261, U.S.N.M. 

Measurements.—Greatest height of manus, 15.6 mm.; length of 
manus measured horizontally on middle of outer surface, 19.2 mm.; 
thickness, 10 mm. 
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Hoiotype-—The propodus of the right cheliped, the immovable 
finger being broken off near its middle. 

In shape, this hand is shorter, higher, and thicker than the pre- 
ceding. The surface, aside from the ridges and the uppermost facet 
is covered with a fine reticulation of transverse grooves. The facets 
are 7 in number and in position are like those of (. declivis, except- 
ing that the narrow uppermost one which appears to belong to the 
inner surface in C’. declivis is more horizontal in (@. reticulatus and 
forms the upper surface of the segment. The next facet on the outer 
side 1s narrowest at the distal end and widens to the middle, after 
which the margins are subparallel; the next facet widens distally, 
and the next also, but in a lesser degree; the lower facet is ill defined. 
The 2 facets of the inner surface are subequal and widen distally. 

There is the base of a tooth at the inner distal end of the upper 
facet, and a short blunt spine at the distal end of the crest between 
the upper and middle facets. If there was a tooth at the proximal 
end it is broken off. 

The propodal finger bears on its upper edge the stumps of 3 sub- 
equal teeth; nearer the palm on the same surface there are 2 small 
acute tubercles transversely placed, the inner one the larger. 

Aside from the difference in shape and ornamentation between this 
species and the preceding, there is a difference in the form of the 
facets which may be seen by comparing figures 5 to 7 with 1 to 3 on 
plate 66. 

CALLINECTES, species. 


Plate 65, figs. 1 and 2. 


Locality—Panama Canal Zone. From the 4 feet of dark, strati- 
fied tuff and clay immediately overlying the lower limestone bed, 
Las Cascadas section. Upper part of Culebra formation. Oligo- 
cene series. D. F. MacDonald and T. W. Vaughan, collectors. 
1911. Station 60190. Cat. No. 324255, U.S.N.M. 

A specimen of a left manus and carpus, very much worn, the upper 
and lower margins and the distal end of the manus being lacking. 
The palm is narrower than in C’. reticulatus described above; the 
facet near the middle of the outer surface is wider than in (. declivis, 
and widens distally instead of having subparallel margins as in that 
species. 

CALLINECTES, species. 
Plate 65,. fig. 7. 


Locality—Panama Canal Zone. From top part of limy sandstone 
below upper conglomerate, near foot of stairs, Gaillard Cut. Upper 
part of Culebra formation. Oligocene series. D. F. MacDonald 
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and T. W. Vaughan, collectors. 1911. Station 6012c. Cat. No. 
324268, U.S.N.M. 

The distal third of the immovable finger of a claw of a Cailinectes. 
On the prehensile edge is shown the most distal of the large teeth 
customary in the genus followed (toward the tip) by 3 smaller teeth ; 
the tip is defective, having been broken off, then reattached in the 
wrong place. There is a punctated groove down the middle of the 
inner and the outer surface. 

Of the species of Callinectes living on the Pacific coast of America, 
this fragment resembles most C. toxotes Ordway, which occurs from 
Cape St. Lucas to Peru. 


ARENAEUS, species. 
Plate 64, fig. 1. 


Locality.—Panama Canal Zone. From near Mount Hope in ditch 
through swampy ground. About one-quarter mile from present sea 
beach, 6 to 8 feet above high tide. Pleistocene series. D. F. Mac- 
Donald, collector. April, 1911. Station 5850. Cat. No. 324252, 
U.S.N.M. 

Material ive fingers worn and more or less incomplete. Prob- 
ably all are movable fingers or dactyli. Length of most perfect 
specimen, 8.2mm. On the outer surface there are two grooves dotted 
with minute punctae; one is shallow and near the prehensile teeth, 
the other is above the middle of the segment; on the upper surface 
there are also two punctated grooves, but near together, while the 
inner surface has two furrows similar to those of the outer surface. 
Three or four of the prehensile teeth are enlarged as is usual in 
Portunids, and the tip is curved downward. There are evidences of 
close granulation on the uppermost ridges and on the proximal part 
of the segment. 

This is near A. mexicanus (Gerstaecker?), a Recent species which 
occurs from the west coast of Mexico to Peru. The shape, curvature, 
and granulation are similar, but three of the six grooves belong defi- 
nitely to the outer surface. 


EUPHYLAX CALLINECTIAS, new species. 


Plate 65, figs. 3-6. 


Type-locality Banana River, Costa Rica; ninth fossiliferous zone 
below the uppermost one of the section. Probably equivalent to Gatun 
formation. Miocene series. D. F. MacDonald, collector. 1911. 
Station 58827, 5d. Cat. No. 324234, U.S.N.M. 


1 Boston Journ. Nat. Hist., vol. 7, 1863, p. 576. 
2 Huctenota mexicana Gerstaecker, Arch. fiir Naturg., vol. 22, pt. 1, 1856, p. 131, pl. 5, 
figs. 3 and 4. 
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Measurements.—Length of carapace, 45 mm.; gastro-cardiac suture, 
9.6 mm. 

Holotype.—One male specimen, showing parts of the upper and 
lower surfaces, but no appendages. ‘The outer layer of the shell of 
the carapace remains only in the central part, where the gastric, 
branchial and cardiac regions meet. ‘This surface is granulated and 
areolated much as in Callinectes,* that is, the regions are separated 
by definite depressions, the gastro-cardiac groove is transverse, there 
is an areola at the inner angle of the branchial region, but there is a 
shallower division into 2 lobules than in Callinectes. ‘The post- 
gastric area is incomplete anteriorly, so that it is impossible to tell 
whether it is marked by a raised and granulated margin; the shape 
of this area most nearly resembles that of C. exasperatus (Ger- 
staecker*), and its granulation that of C’. bocourti A. Milne Edwards, 
the granules being absent or sparse along the lateral and posterior 
borders. Across the middle of the gastric region runs a blunt eleva- 
tion, concave forward. The branchial region is divided in two by 
a depression running obliquely backward and outward. These last 
two features suggest the carapace of H’uphylax dovii Stimpson, a 
species now existing on the Pacific coast of America, between Central 
America and Payta, Peru. 

Anterior margin very broad, as in #. dovii, most of it being 
occupied by the orbits; the front is narrow, T-shaped, much con- 
stricted at base; the anterior part of the T has a concave surface 
and is deflexed to meet the epistomial spine. This is more advanced 
than the front; its tip is\broken off. The upper margin of the 
orbit slopes backward and outward and is somewhat undulating. 
The shape of the orbit can not be definitely made out, but a portion 
of the smooth inner lining of the outer extremity remains. The 
indications are that the eyestalk 1s long and the corneal extremity 
large, asin #. dovii. . 

The sternum and abdomen resemble those of #. dovii, the anterior 
end of the sternum is depressed, the depression having a convex 
posterior margin, from which a furrow leads back to the abdomen. 
Surface of sternum and abdomen covered with large and distant 
punctae. Abdomen broadly triangular; first segment not dis- 
tinguishable; second, third, and fourth segments each crossed by a 
transverse ridge; third, fourth, and fifth fused, and perhaps also the 
second with them. The sides of the penult segment are less con- 
vergent than in 2. dovii. 

This species in all the characters visible in the type-specimen re- 
sembles the genus Huphylax as typified by H. dovit, excepting in the 


1Proc. U. 8. Nat. Mus., vol. 18, 1896, pls. 12—28. 
2 Arch. f. Naturg., vol. 22, pt. 1, 1856, p. 129. 
* Ann, Lyc. Nat. Hist. N: Y:, vol. 7, 1860, p. 226, pl. 5, fig. 5. 
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areolation and ornamentation of the central part of the carapace 
which indicate an affinity with Callinectes. 


EUPHYLAX FORTIS, new species. 


Plate 64, figs. 11-138. 


Type-locality— Banana River, Costa Rica; tenth fossiliferous zone 
below the uppermost one of the section. Probably equivalent to 
Gatun formation. Miocene series. D. F. MacDonald, collector. 
October, 1911. Station 5882k. Cat. No. 324233, U.S.N.M. 

Measurements.—Length of body (approx.), 43.5 mm.; length of 
movable finger, 27.3 mm.; width of the sternum between the coxae 
of the chelipeds, 24.5 mm. 

Holotype.—One specimen showing a part of the lower surface 
and the right cheliped. The abdomen resembles that of an imma- 
ture female or is possibly that of a male. 

Sternum broad, surface rough with coarse punctae and fine reticu- 
lating lines; anterior part depressed and with a median groove lead- 
ing back to the abdomen much as in #. callinectias, the ridge just 
in front of the abdomen is more transverse than in that species. 

Abdomen broadly triangular; it is impossible to tell which seg- 
ments, if any, are fused; terminal segment subequilateral; surface 
of sixth and seventh segments like that of the sternum, of fourth 
and fifth segments covered with a low, confluent granulation. 

Ischium of external maxilliped with a longitudinal groove, the 
surface on the inner side of the groove more raised than on the 
outer side. 

Cheliped elongate. A cross section of the arm is shown and a 
portion of its lower surface; this last has a broad longitudinal de- 
pression through the middle, and the surface near the margins, at 
least, is coarsely granulate. 

The general outline of the fingers can be made out and the sur- 
face of some of the prehensile teeth. The fingers are elongate, as 
in the usual Portunid, and gradually taper, ending in slender black 
tips which cross each other. The prehensile teeth are large, thick. 
dark-colored, and very irregular, the one at the base of the dactylis 
being the largest; they appear to fit close together. The cheliped 
is larger and stronger in proportion to the size of the body than in 
any recent species of Portunid. 

The generic position of this species is problematical; in the width 
of the sternum it resembles H’uphylaw; in the strong teeth of the 
digits it approaches Scylla, while the groove on the lower side of the 
arm joint is unique. 


168 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


GATUNIIDAH, new family. 
Characters of the type genus, Gatwna. 
GATUNIA, new genus. 


Carapace of the customary Cancrid outline, that is, transverseiy 
oval, with a narrow, dentate front (between the orbits) ; orbits nar- 
row, with a forward inclination; antero-lateral margins arcuate, 
longer than the postero-lateral, and armed with 8 teeth, including 
the orbital tooth; postero-lateral margins strongly convergent. 
Genital region very narrow. Carapace without transverse ridges. 

Outer maxilliped with the ischium greatly elongate, and !ong1- 
tudinally grooved. 

Chelipeds massive; palms thick, not flattened on the inner side, 
devoid of ridges on the outer side. 

Last pair of feet with the propodus and dactylus flattened and 
broadened to form a swimming organ as in the Portunids. 

Abdomen of the male with the third, fourth, and fifth segments 
fused. ; 

This genus resembles the family Cancridae in the form of the 
carapace, front and orbits; while the swimming paddles and the ab- 
domen are like those of the Portunidae. The chelipeds approach 
those of the genus Scylla in their massiveness, long fingers and lack 
of costae, but the absence of spines gives them the appearance of 
many of the Xanthidae. 

Type of the genus.—Gatunia proavita Rathbun. 


GATUNIA PROAVITA, new species. 
Plates 54-56; plate 58, figs. 16 and 17. 


Type-locality.—_ Gatun formation, near Gatun Dam, Panama Canal. 
Zone. Miocene series. Collected by one of the workmen and 
shipped by D. F. Macdonald. Station 5659. One specimen (holo- 
type), nearly complete. Cat. No. 324289, U.S.N.M. 

Measurements.—Length of carapace, from tip of submedian teeth, 
133.2 mm.; from median sinus, 128.3 mm.; width, between tips of 
teeth of posterior pair, 182.5 mm.; width between teeth of penulti- 
mate pair, the same. 

Holotype.—Carapace about 14 times as wide as long; antero-lateral 
margin strongly arched, cut into 7 strong teeth, besides the tooth: 
at the outer angle of the orbit; teeth similar in shape, having a convex: 
posterior and a concave anterior margin, tip acute; the 7 teeth in- 
crease in size from the first to the fifth and then diminish to the 
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seventh, which is the most spiniform. The orbit has a strong tooth 
at the outer and at the inner angle and one less prominent between; 
below the inner angle there is a narrow tooth more advanced than 
those above. Frontal region, between the orbits, with a concave 
dorsal surface; anterior border cut into 4 teeth, those of the middle 
pair nearer to each other than they are to those of the outer pair, and 
separated by a shallower sinus; teeth of inner pair oblong, with 
rounded end; those of outer pair thicker. Postero-lateral margins 
nearly straight; posterior margin slightly convex and thickened. 

Surface covered with a pavement of fine, flattened granules, and 
with less numerous and unequal punctae visible to the naked eye. 
The depression between the gastric and branchial regions is well 
marked except anteriorly, the hepatic region not being defined. 
Genital region very narrow, longer than wide. Cardiac and intestinal 
regions incompletely outlined. 

Neither the eyes nor the antennae are visible. 

Epistome subtriangular, prolonged downward at the middle in an 
acute angle; thence a small button-hole groove runs obliquely back- 
ward. Palatal ridge strong except anteriorly where it is low and 
blunt. Pterygostomian region granulate, densely so near the buccal 
cavity. On the sternum a furrow runs obliquely forward from the 
coxae of the chelipeds to the median line. 

The abdomen of the male is broad and at the base reaches to the 
coxae of the last pair of feet; there is only one segment visible be- 
tween the carapace and the third segment; it is probably the second, 
while the first is hidden under the carapace much as in the Portunid 
genus Callinectes; the second is of nearly even length throughout 
its width; the third, fourth and fifth are fused, but their extent is 
indicated by indentations in the lateral margins and by a short groove 
at the middle; the 8d segment is produced sideways beyond the 
2d and 4th and its margins are very convex; margins of the 4th to 
6th segments, inclusive, taken together are slightly convergent, those 
of the 4th a little convex; 6th segment about 1? times as wide as long; 
terminal segment nearly as long as the preceding, subtriangular, end 
rounded. 

Chelipeds very stout, in general smooth, there being no ridges nor 
spines. The surface is finely granulate and punctate, the granules 
a little higher than on the carapace. The inferior, anterior margin 
is the only margin of the merus visible; it is smoothly rounded. 
Carpus massive, with a broad tooth at inner angle. Chelae unequal, 
thick, broadly rounded above and below without marginal lines; 
right or larger manus about 14 times as long as high, left or smaller 
manus about 14 times as long as high; next the articulation of the 
larger palm with the dactylus there is a large lobe or tooth directed 
toward the end of the dactylus, as in Scylla. The digits each have 2 
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longitudinal punctate impressions on the outer surface, the larger 
dactylus is more arched than the smaller; the fingers cross each 
other a little before the tips, at least in the smaller chela; the end 
of the larger immovable finger is broken off; prehensile edges armed 
with large irregular, separated teeth, the basal tooth of the larger 
dactylus being of enormous size and directed obliquely backward 
as in Scylla. The distal half or two-fifths of the fingers is dark- 
colored, also the prehensile teeth. 

The 8 pairs of ambulatory legs are only partially preserved; they 
would, if extended, reach about to the middle of the manus of the 
chelipeds; the first five segments are stout; the propodus, of which 
only impressions exist, has a groove ieeuen the middle and appears 
to be flattened ; the dactylus can not be made out with any degree of 
certainty ; the’ swimming-feet, or those of the last pair, are very 
broad, the carpus is as broad as long; the propodus is about twice 


as long as broad; the dactylus is lanceolate-oval, about 24 times as 


long as broad. 


Another specimen (paratype a) lacking the dentate border of the 


carapace, and all appendages except the coxal joints of the legs, was 


taken from the Gatun formation, Gatun Locks, by D. F. MacDonald, 


May,1911. Station 5900. Cat. No. 824241, U.S.N.M. 


A much smaller specimen (paratype 6) which is identified as. 


probably belonging to this species is labeled: “ Near Gatun. Maio- 
cene. Rev. G. Rowell. Cat. No. 113706, U.S.N.M.” It is probably 
from the Gatun formation. A portion of the left side of the cara- 
pace is preserved, showing the base of the 8 posterior of the antero- 
lateral teeth; on the under side is shown the margin of the buccal 
cavity, fragments of a maxilliped and the base of the cheliped. A 
separate specimen (paratype c), from the same locality, is the left 
manus, somewhat crushed, proximally incomplete and lacking the 
propodal finger, but with the base of the dactylus attached, including 
the first or large, rounded tooth. 

A fragment of a finger bearing 3 teeth (paratype d) is referred 
here; the smooth outer layer is almost gone except a few bits near 
the teeth; it was taken from the 85-foot cut on north side of big 
swamp on relocated line of the Panama Railroad, 14 to 2 miles be- 
yond Camp Cotton toward Monte Lirio; Gatun formation; Miocene 
series; D. F. MacDonald and T. W. Vaughan, collectors, 1911; 
Station 6080; Cat. No. 324242, U.S.N.M. 

I refer here with doubt a curved fragment of a thick-shelled species, 


which has a large tooth occupying half its surface. It may belong 


near one of the articulations. It was taken at Station 60330, in the 
upper part of the lowest bed, Gatun section; Gatun formation; 
Miocene series; MacDonald and Vaughan; 1911; Cat. No. 324286, 
U.S.N.M. 
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The larger claw of this species is strikingly like that described by 
A. Milne Edwards? under the name Scylla michelini from Sceaux, 
near Doué, France, in the Miocene shell deposits of the shell-marl 
of Anjou. M. Milne Edwards founded the species on the claw alone. 
It is very likely congeneric if not conspecific with the form here 


described. ‘ 
Family XANTHIDAE. 


CARPILIUS, species. 
Plate 58, fig. 22. 


Locality—Panama Canal Zone. Foraminiferal marl and coarse 
sandstone about 200 yards south of southern end of switch at Bohio 
Ridge station, relocated line Panama Railroad. Upper part of 
Culebra formation. Oligocene series. D. F. MacDonald and T. W. 
Vaughan, collectors. 1911. Station 6025. Cat. No. 324243, U.S.N.M. 

Material.—Piece of propodal segment of ambulatory leg on left 
side of crab. Length 17 mm., greatest width 7.2 mm., least width 
5.7 mm., proximal thickness 4.5 mm., distal thickness 3.7 mm. Viewed 
dorsally, the anterior margin is slightly convex, the posterior faintly 
concave. Viewed edgeways, the upper surface is longitudinally con- 
vex, and the lower surface concave. Cross section oval. Surface, 
except for accidental breaks, smoothly rounded, without ridges, 
furrows, or tubercles. 

In its smoothness and general form, resembles the propodus of the 
first ambulatory leg of Carpilius corallinus (Herbst?), for which 
reason I venture to attach the name Carpilius to this fragment. 


HETERACTAEA LUNATA (Milne Edwards and Lucas). 
Plate 68, figs. 7-9. 


Pilumnus lunatus Minnr Epwarps and Lucas, d’Orbigny’s Voy. Amér. Mér., 
vol. 6, 1848, p. 20; vol. 9, atlas, 1847, pl. 9, fig. 2. 


Locality.—Costa Rica: City of Port Limon. Port Limon forma- 
tion. Pliocene series. Dr. L. A. Wailes, collector. Station 4269. 
Cat. No. 324265, U.S.N.M. 

Distribution—Recent, San Diego, California, to Chile. 

Material—oOne specimen showing distal portion of outer surface 
of larger palm, with proximal half of dactylus (showing all sur- 
faces) attached. This must have belonged to a small individual 
with carapace about 15 mm. wide. The fossil is crushed and the 
tips of the tubercles are lacking. The shape of the two segments so 


1 Histoire des Crustacés podophthalmaires fossiles, Paris, 1861, p. 136, pl. 3, figs. 3, 34. 
2 Naturg. d. Krabben u. Krebse, vol. 1, 1783, p. 188, pl. 5, fig. 40. 
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far as it is preserved accords with that of recent specimens; the 
dactylus is more defiexed than it could be if the immovable finger 
were preserved in situ. The tubercles of the palm are arranged 
in general as in recent individuals, and slight divergences are attribu- 
table to individual variation. The dactylus has 6 punctated grooves, 
and the prehensile tooth situated at a little distance, from the base is 
present; the three uppermost ridges bear some tubercles, the outer 
ridge two tubercles, the upper one three tubercles, and the inner ridge 
one tubercle followed by several crenulations. 


PANOPEUS ANTEPURPUREUS, new species. 
Plate 58, figs. 3-11. 


Type-locality—Panama Canal Zone. From near Mount Hope in 
ditch through swampy ground. About one-fourth mile from present 
sea beach, 6 to 8 feet above high tide. Pleistocene series. D. F. 
MacDonald, collector. April, 1911. Station 5850. 

Types.—Cat. No. 324245, U.S.N.M. 

Material—18 dactyli of stronger chela from right side; 9 dactyli 
of stronger chela from left side; 4 dactyli of weaker chela from left 
side; one propodal finger of weaker chela from right side. 

With one exception these digits belonged to small individuals; the 
exception, a right dactylus 12.8 mm. long, is made the holotype. 

The dactyli are very much like the corresponding parts of P. 
purpureus Lockington,: a recent species ranging from Lower Cali- 
fornia to Peru. The only differences are as follows: The fingers are 
a little longer, slenderer, and straighter; the large basal tooth of the 
stronger chela is closer to the articulation with the manus; there is no 
coarse granulation on the basal portion of the dactyli, as there is on 
the living form. Most of the specimens are purplish-blue except at 
the tip. 

The propodal finger also is slenderer than in P. purpureus; the 
lower groove of the outer surface is nearer the lower margin. As this 
finger was not attached to a dactylus, one cannot be positive that it 
belongs to the same species as the dactyli. 


PANOGPEUS TRIDENTATUS, new species. 


Plate 58, figs. 12-15. 


Type-locality.—Panama Canal Zone. From near Mount Hope in 
ditch through swampy ground. About one-quarter mile from present 
sea beach, 6 to 8 feet above high tide. Pleistocene series. D. F. 
MacDonald, collector. April, 1911. Station 5850. 

Types.—Cat. No. 324244, U.S.N.M. 


1 Proc. California Acad. Sci., vol. 7, 1876 (1877), p. 101. 
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Material—kEleven dactyls and three propodal digits. of the right 
chela, all detached. One of the dactyls is made a holotype. 

Measurements.—Length of longest dactyl 9.2 mm., height 3 mm.; 
length of holotype 6.1 mm., height 2.8 mm. 

Holotype.—t have chosen a small specimen for holotype because 
it is the best preserved. The dactyl is rather slender for the major 
chela of a Panopeid, but it has the general character of Panopeus 
and its allies. The prehensile edge has 3 enlarged teeth, placed as 
. follows, beginning at the proximal end:11.,2s,11,3s.,11,7s., tip. 
The proximal tooth is of the customary backward-pointing type, 
and is of moderate size compared to the basal tooth of living Pan- 
opeids. The second of the large teeth is of nearly the same size, 
more pointed, and directed downward; the third large tooth is defin- 
itely smaller than the others. The small teeth are unequal and shal- 
low. The longitudinal depression either side of the teeth is punc- 
tate; there are 3 other punctate furrows, one external, one internal 
and the other dorsal but nearer the outer side; just within the proxi- 
mal half of the dorsal furrow there is a marginal line of granules. 

Paratypes—The number of small teeth intervening between the 
larger teeth of the prehensile edge vary as follows, beginning at the 
proximal end: 1-3, 4-6, 6-8. 

One can not be sure that the propodal digits referred here belong 
to the same species as the dactyh. They too have 38 large teeth, which 
are subequal and are separated by small teeth as follows, beginning 
with the proximal large tooth: 2, 4-5, 4-6. Proximal end broken 
off in each case, but in one instance a small tooth is visible proximal 
to the first large tooth. When an immovable finger is applied against 
a movable finger of complementary size, the large teeth of the former 
shut into the sinuses distal to the corresponding large teeth of the 
latter. There are 6 longitudinal punctate depressions on each pro- 
podus, one adjacent to the teeth on either side, one external, one in- 
ternal, and two inferior. 


PANOPEUS, speeies. 


Plate 66, figs. 8 and 9. 


Locality—From the four feet of dark, stratified tuff and clay 
immediately overlying the lower limestone bed. Las Cascadas sec- 
tion. Upper part of Culebra formation. Oligocene series. D. F. 
MacDonald and T. W. Vaughan, collectors. 1911. Station 60190. 
Cat. No. 324254, U.S.N.M. 

Material—One dactylus of right cheliped, with proximal end in- 
complete. Dactylus very broad at base in proportion to its length, 
also unusually thick. Length, 9.2 mm.; width, 4.7 mm.; thickness, 
8mm. In outer view the upper margin is much curved, the surface 
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is much worn, but there is a line of punctae visible through the mid- 
dle; there is a large subbasal tooth directed obliquely backward, and 
bounded posteriorly by a deep, wide groove; the tooth does not pro- 
ject beyond the general lower margin, but it may have done so when 
entire. On the distal portion of the outer edge of the prehensile sur- 
face there are a few shallow crenulations. 

This specimen comes nearer to Panopeus than to any other known 
genus; from P. chilensis Milne Edwards and Lucas? it differs in 
its greater width, in the large tooth originating higher up on the’ 
outer surface and in the groove behind it being deeper and more 
extensive. 

EURYTIUM CRENULATUM, new species. 
Plate 64, figs. 8 and 9. 


Type-locality—Panama Canal Zone. From near Mount Hope in 
ditch through swampy ground. About one-quarter mile from pres- 
ent sea beach, 6 to 8 feet above high tide. Pleistocene series. D. F. 
MacDonald, collector. April, 1911. Station 5850. 

Holotype—Cat. No. 324253, U.S.N.M. Dactylus of right chela, 7.6 
mm. long. ‘This has the general shape of a H'urytium finger, but the 
large basal tooth ef the prehensile edge is inserted higher up, its 
oblique base running posteriorly well up on the outer surface; the 
tooth is directed strongly backward and is broadly rounded at the 
extremity. It is followed by about ten low teeth, the first and third 
of which are the larger. Somewhat above the middle of the inner 
«nd of the outer surface there is a longitudinal depression containing 
a row of a few punctae. There is a deep groove on the upper sur- 
face and just within it but higher up there is a row of separated 
granules or crenulations; they point outward, that is, a side view of 
them may be obtained by looking down on the top of the finger. 
"The ridge just outside the dorsal groove is proximally microscopically 
vranulate. 

This finger can not be referred to #. affine? or EL. tristani® of the 
Panamian fauna on account of the elevation and direction of the 
basal tooth, and the row of granules on the upper edge. 


Family GONEPLACIDAE. 
Subfamily PRIONOPLACINAE. 


BURYPLAX CULEBRENSIS, new species. 
Plate 66, figs. 13 and 14. 
Type-locality—Panama Canal Zone. ‘Top part of limy sandstone 
below upper conglomerate, near foot of stairs, Gaillard Cut. Upper 


1D’Orbigny’s Voy. Amér. Mér., vol. 6, pt. 1, 1848, p. 16; vol. 9, atlas, 1847, pl. 8, fig. 2. 
2Panopeus affinis Streets and Kingsley, Bull. Essex Inst., vol. 9, 1877, p. 106. 
8 Rathbun, Proc. Biol. Soc. Washington, vol. 19, 1906, p. 100. 
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part of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6012c. 

Holotype.—Cat. No. 324226, U.S.N.M. Propodus of right and 
major cheliped with only the base of the immovable finger remaining. 
Palm swollen. In side view the upper and lower margins are arcu- 
ate, the palm narrowing considerably toward the wrist. Surface 
smooth. At the distal end above the lower margin there is a deep 
groove which is prolonged on the finger. The palmar tooth which 
‘overlaps the dactylus is present; also 4 prehensile teeth of the fixed 
finger, arranged in 2 transverse rows on the upper surface, the outer 
tooth of the distal pair being much the largest. 

Measurements.—Length of palm, to sinus, 6.5 mm.; height, 4.3 
mm.; thickness, 2.7 mm. 

This specimen has the general form of /. nitida Stimpson,! a Re- 
cent species occurring on the coast of the Gulf of Mexico and the 
West Indies. I have no example of the Panamian species, /’. polita 
Smith? for comparison. HL’. nitzda is considerably larger than the 
fossil form, the fixed finger is somewhat wider at the base but it has 
the 4 basal teeth similarly disposed; the proximal end of the upper 
margin is thinner and more acute than in LZ. culedrensis. 


Subfamily HEXAPODINAE. 


Living representatives of this subfamily are restricted to the Indo- 
Pacific region. 


Genus THAUMASTOPLAX Miers. 


Thawmastoplaz Mirrs, Ann. Mag. Nat. Hist., ser. 5, vol. 8, 1881, p. 261. 

The generic position of the species placed here has to be deter- 
mined by the characters discernible in a dorsal view. As in Thau- 
mastoplax, the shape of the carapace is subrectangular with the 
antero-lateral corners rounded off; the second ambulatory leg is 
stronger than the first and third. Of the other Hexapodinae, or 
Goneplacids with only 3 pairs of walking legs, Hexapus de Haan? 
is more subcylindrical and has the three legs of subequal size; Lamb- 
dophallus Alcock* has smaller orbits; Hewaplax Doflein® has very 
oblique orbits seen from above, while Paeduma Rathbun * (=Amor- 
phopus Bell’) is said to be almost cylindrical. 


1 Ann. Lye. Nat. Hist. New York, vol. 7, 1859, p. 60. 
*Trans. Connecticut Acad. Sci., vol. 2, 1870, p. 163. 
’Fauna Japon., 18383, p. 5; 1835, p. 35. 

4 Journ. Asiat. Soc. Bengal, vol. 69, 1900, p. 329. 

5 Wiss. Ergeb. deutschen Tiefsee-Hxped. Valdivia, 1898-99, vol. 6, 1904, p. 122. 
6° Proc. Biol. Soc. Washington, vol. 11, 1897, p. 163. 

“Jour. Linn. Soc. London, Zool., vol. 3, 1858, p. 27. 
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THAUMASTOPLAX PRIMA, new species. 
Plate 66, figs. 15-18. 


Type-locality—Panama Canal Zone. Las Cascadas section, Gail- 
lard Cut. From lowest fossiliferous bed; third bed below lowest 
limestone beds separated by rows of nodules. Lower part of upper 
half of Culebra formation. Oligocene series. D. F. MacDonald 
and T. W. Vaughan, collectors. 1911. Station 6020a. 

Measurements.—Length of carapace, paratype, 12.2 mm. (ap-' 
prox.) ; width, 18 mm. (approx.) The holotype is a little wider, 
about 19.6 mm., but the length can not be measured as the front part 
of the carapace is not visible. 

Holotype and paratype—Carapace about 14 times as broad as long, | 
longitudinally very convex, from side to side nearly horizontal. Up- 
per surface not bordered by a definite line; H-shaped depression in 
the center of the carapace deep; surface deeply punctate, punctae 
erowded near the margins, sparse near the middle. Fronto-orbital 
distance about two-fifths as great as the extreme width of the cara- 
pace. Antero-lateral margins long, arcuate; postero-lateral margins 
subparallel; posterior margin slightly convex. Front deflexed and 
widening a little from the base of the eyestalks downward. The 
orbit is about as wide as the narrowest part of the front and is filled 
by the eyestalk; its upper margin is transverse. 

Chelipeds short, when flexed scarcely reaching beyond the outer 
end of the erbit; carpus very large, convex, smooth, and punctate; 
chela small, not much longer than carpus and considerably nar- 
rower; finger shorter than palm; the end of the finger is, however, 
not visible. The merus of the first leg reaches quite to the end of 
the carpus of the cheliped, its upper margin has a row of small 
conical tubercles or granules, and there is a cluster of granules near 
the articulation with the carpus. The merus of the second leg 
reaches a little beyond that of the first, and is very much stronger; 
it also has a superior row of granules and a few granules on the 
outer surface; carpus elongate, about half as long as merus; pro- 
podus as wide as the greatest width of the carpus; only a portion 
of it is visible. Third leg very much shorter and slenderer, its 
carpus reaching little beyond the merus of the second pair; its merus, 
as well as that of the second pair, is longitudinally grooved. 

The above description is made from two specimens from the same 
place. Each specimen was enclosed in a nodule which is broken in 
two. The holotype shows the upper surface of the carapace (ex- 
cept the front part), portions of the left cheliped, and of the 3 legs 
of both sides. The nodule is not large enough to have included the 
whole of the legs in their extended position. Cat. No. 324227, 
U.S.N.M. The paratype shows the carapace only; there is no trace 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. leet 


of chelipeds or legs; the nodule is very little wider than the carapace. 
Cat. No. 324228, U.S.N.M. 


Family GECARCINIDAE. 


CARDISOMA GUANHUMI Laitreille. 


Plate 64, figs. 2-4. 
Cardisoma guanhwini LAYREILLE, Eincye. Méth., Hist. Nat., Insectes, vol. 16, 
1825, p. 685. 

Locality.—Costa Rica: City of Port Limon. Port Limon forma- 
tion. Pliocene series. Dr. L. A. Wailes, collector. Station 4269. 
Cat. No. 324263, U.S.N.M. 

Material—_Left propodal finger of cheliped, with extremities lack- 
ing; length 18.5 mm. Pieces of the outer crust remain along the pre- 
hensile teeth, around the distal end, and on the lower part of the 
proximal end, where it shows the characteristic scaly granulation of 
the species. 

Distribution of Recent Material—From Bahamas and Florida 
Keys to Brazil; Bermudas. 


Family OCYPODIDAE. 


UCA MACRODACTYLUS (Milne Edwards and Lucas). 


Plate 64, fig. 7. : 
Gelasimus macrodactylus Minne Epwarps and Lucas, d’Orbigny’s Voy. 
Amér, Mér., vol. 6, 1843, p. 27; vol. 9, atlas, 1847, pl. 11, fig. 3. 

Locality— Panama Canal Zone. From near Mount Hope in ditch 
through swampy ground. About one-quarter mile from present sea 
beach, 6 to 8 feet above high tide. Pleistocene series. D. F. Mac- 
Donald, collector. April, 1911. Station 5850. Cat. No. 324251, 
U.S.N.M. 

Material—aA single dactylus, 6.7 mm. long, of an ambulatory leg 
corresponds with that of a recent specimen from Costa Rica. The 
dactylus is rather slender, regularly tapering and strongly curved 
on its concave as well as on its convex margin, it has 6 longitudinal 
grooves separated by as many smooth rounded ridges; toward the 
horny tip these ridges are themselves guttered by a narrow groove. 

Distribution of Recent Material—From Guaymas, Mexico, to Val- 
paraiso, Chile. 


BRACHYRHYNCBHA, family, genus, and species indeterminable. 


Plate 64, fig. 6. 


Locality.—Panama Canal Zone. Las Cascadas section, Gaillard 
Cut. From lowest fossiliferous bed. Third bed below lowest lime- 
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stone beds separated by rows of nodules. Lower part of upper half 
of Culebra formation. Oligocene series. D. F. MacDonald and 
T. W. Vaughan, collectors. 1911. Station 6020a. Cat. No. 324294, 
U.S.N.M. 

Material—A specimen 9.3 mm. long and 7.7 mm. wide, which re- 
sembles the proximal part of the right manus ofa crab. The outer and 
lower surfaces are exposed, but the outer layer of shell has almost dis- 
appeared. The surface gradually ascends to a line a little below the 
middle where a blunt longitudinal ridge is formed. Just below the 
upper margin, and also just within the lower margin on the inner 
side, there is a narrow furrow. 

The blunt crest is suggestive of the Portunidae. 


BRACHYRHYNCHA, family, genus, and species indeterminable. 
Plate 64, fig. 5. 


Locality—Panama Canal Zone. Las Cascadas section, Gaillard 
Cut. From lowest fossiliferous bed. Third bed below lowest lime- 
stone beds separated by rows of nodules. Lower part of upper half 
of Culebra formation. Oligocene series. D. F. MacDonald and 
T. W. Vaughan, collectors. 1911. Station 6020a. Cat. No. 324958, 
U.S.N.M. 

Material—_Two specimens, each embedded in a nedule, of a frag- 
ment which appears to be the merus segment of an ambulatory leg 
of a crab. The surface is flat, the lateral margins are arcuate and 
there is a shallow longitudinal depression near one edge. The shape 
is very suggestive of the Portunidae and yet they do not closely 
resemble any known species. 


Superiamily OX YRHYNCHA. 
Family PARTHENOPIDAKE. 


PARTHENOPE PANAMENSIS, new species. 


Plate 66, figs. 10 and 11. 


Cype-locality—Panama Canal Zone. Las Cascadas section. 
From fifth or topmost limestone. Emperador limestone. Oligocene 
series. D. F. MacDonald and T. W. Vaughan, collectors. 1911. 
Station 60199. Cat. No. 324257, U.S.N.M. 

Measurements.—Length of arm measured along lower margin (in- 
complete), 24.6 mm.; distal width, measured on inner, lower surface, 
6.6 mm.; minimum width, on the same surface, 4.7 mm. 

Holotype.—One specimen represented by only the merus joint of 
the left cheliped. This segment is thick; a cross section is quadri- 
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lateral and nearly as broad as long; the proximal end is broken off, 
the distal end is embedded in a hard matrix. The two upper sur- 
faces are each not much more than half as wide as either of the two 
lower surfaces. The upper, inner and outer margins are armed with 
irregular spines and tubercles, the lower margin with tubercles only, 
which are not in a single row; the surfaces also have a few scattered 
spines and tubercles. The tips of most of the spines are broken off; 
the largest spines are one on the upper margin near the proximal end 
(of the specimen), and one just above the outer margin in the middle 
third. The distal extremity of the segment widens in a manner sug- 
gestive of the propodus of a Parthenopid, but it is not triangular- 
prismatic as customary in the propodal segments. 


PARTHENOPE PLEISTOCENICA, new species. 


Plate 61, figs. 10 and 11. 


Type-locality-—Panama Canal Zone. From-near Mount Hope in 
ditch through swampy ground. About one-quarter mile from pres- 
ent sea beach, 6 to 8 feet above high tide. Pleistocene series. D. F. 
MacDonald, collector. April, 1911. Station 5850. Cat. No. 324247, 
U.S.N.M. 

Holotype.—Propodal finger of right and major chela; lower prox1- 
mal portion missing. Lower margin, so far as it remains, nearly 
straight, tip upturned; upper margin broad at the proximal end 
and armed with 5 unequal blunt teeth; the first or that nearest the 
palm is broadly united with the second which is much larger; third 
of similar size and shape to the second and well separated from it; 
fourth much smaller and fifth minute. Four lateral rows of punctae, 
one either side of the prehensile teeth, and one through the middle 
of the inner and of the outer surface. The posterior half of both 
surfaces is sparsely covered with prominent and very unequal 
granules. 

Parthenope excavata (Stimpson)* of which there is an example 
from Panama in the United States National Museum collection has 
a similar prehensile surface, but the lateral face is shorter and higher 
and is granulate all over outside. 


HXPLANATION OF PLATHS. 
PEATE 54. 
Gatunia proavita Rathbun, holotype, dorsal view, X 2. 
PLADTH So: 


Gatunia proavita, holotype, ventral view, X 4. 


1Lambrus excavatus Stimpson, Ann. Lyc. Nat. Hist. New York, vol. 10, 1871, p. 98. 
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PLATE 56. 
Gatwuia proavita, holotype. 


Anterior view, X . 
Posterior view, X &. 


PLATE 57. 
Natantia, indeterminable, lateral view of pleon. X 2. 


cheliped, X 3. _ 

Impression of same. 

Macrobrachium, species, Cat. No. 824256, outer view of propodus of left 
cheliped, 38. 

Upper view of same. 

Leucosiia bananensis Rathbun, paratype @, arm joint, X 3. 

Leucosilia bananensis, paratype 0, arm joint, x 3. 

Leucosilia bananensis, holotype, arm joint, X 8. 

Macrobrachiun?, species, Cat. No. 324248, segment of large cheliped, 


x 33. 


0. Avius?, species, Cat. No. 324250, seaphocerite, X 34. 


Goniochele? armata Rathbun, holotype, outer view of dactylus of left 
eheliped, * 2. 


2. Lower view of same, XK ¥. 


Nephreps costatus Rathbun, holotype, dactylus of left cheliped, inner 
view, X 33. 


. Dorsal view of same, X 34. 
5. Nephrops costatus, paratype a, dactylus of left cheliped, dorsal view, 


xX 33. 


. Nephrops cosiatus, paratype c, propodal finger of left cheliped, dorsal 


view, X 384. 


7. Nephrops costatus, paratype 0, dactylus of left cheliped, dorsal view, 


xX 383. iN 
Petrolisthes avitus Rathbun, holotype, palm of left cheliped, dorsal view, 
x 34. 


. Inner view of same, 34. 
. Ventral view of same, X 334. 
. Pachycheles latus Rathbun, holotype, propodus of left cheliped, ventral 


view, X 33. 


. Dorsal view of same. 
. Pachycheles latus, paratype, left chela, dorsal view, X 34. 


Calappa costaricana Rathbun, holotype, portion of propodus of left 
chela, outer view, X 38. 


5. Nephrops, species, Cat. No. 324249, dactylus of right cheliped, prehensile 


edge, X 33. 


. Dorsal view of same, X 34. 


27. Mursilia ecristata Rathbun, holotype, right cheliped, outer view, X 3. 


wo 


PLATE 58. 


. Calappella quadrispina Rathbun, holotype, impression of carapace, X 3. 


Carapace of figure 1, X 3. 
Panopeus antepurpureus, Rathbun, holotype, dactylus of right cheliped, 
x 3h. 


Pie. 4, 
. Panopeus antepurpureus, paratype, immovable finger of right cheliped, 


Fie. 
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5. Panopeus antepurpureus, paratypes, dactyli of right chelipeds, * 33. 


X 33. 


. Panopeus antepurpureus, paratypes, dactyli of left chelipeds, X 33. 

. Panopeus tridentatus Rathbun, paratype, dactylus of right.cheliped, * 33. 
. Panopeus tridentatus, paratype, propodal finger of right cheliped, X 33. 
. Panopeus tridentatus, holotype, dactylus of right cheliped, outer view, 


x 38. 


. Upper edge of same, X 33. 
16. 


Fragment of Gatunia proavita ??, Cat. No. 324286, showing lobe in profile, 
Dees 


. Flat surface of same, X 2. 

. Callianassa hilli Rathbun, paratype b, sixth segment of pleon, X 2. 

. Callianassa hilli, holotype, merus and carpus of right cheliped, x 2. 

. Callianassa hilli, paratype a, right cheliped, X 2. 

. Mursia macdonaldi Rathbun, holotype, left palm, X 2. 

. Carpilius, species, Cat. No. 324248, piece of propodus of a left ambulatory 


leg, X 2. 


PLATE 59. 


. Callianassa ovalis Rathbun, holotype, left cheliped. * 2. 

. Callianassa ovalis, paratype a, propodus of left cheliped, X 2. 
. Impression of figure 1, X 2. 

. Callianassa ovalis, paratype b, carpus of left cheliped, * 2. 


Callianassa, species, Cat. No. 324277, manus of left cheliped, X 34. 
Callianassa lacunosa Rathbun, holotype, left manus, distal view, < 3. 
Outer view of same, X 3. 


. Inner view of same, X 3. 

. Callianassa lacunosa, paratype, left manus, inner view, X 3. 
. Outer view of same, X 3. 

. Distal view of same, X 3. 


PLATE 60. 


. Callianassa moinensis Rathbun, holotype, propodus of right cheliped, 


lower view, X 3. 


. Upper view of same, X 8. 
. Outer view of same, X 3. 
. Callianassa elongata Rathbun, holotype, propodus of left cheliped, upper 


view, X 2. 
Outer view of same, X 2. 
9 


iat, 
6. Lower view of same, X 2 
Le 


Leucosiidae?, indeterminable, Cat. No. 324136, dactylus of left chela, 
outer view, X 34. 


8. Upper view of same, X 34. 


9. Callianassa scotti Brown and Pilsbry, holotype, left manus, lower view, 


x 14. 


10. Callianassa scotti, paratype, Cat. No. 2259, left propodus, upper view, 


X Ws. 


11. Outer view of same, X 13. 

12. Callianassa scotti, Cat. No. 324279, left manus, distal view, X 14. 
18. Callianassa tenuis Rathbun, holotype, left manus, inner view, X 3. 
14. Outer view of same, X 8. 
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PLATE 61. 


Callianassa crassa Rathbun, holotype, dactylus of left cheliped, upper 
view, X 2. 

Outer view of same, X 2. 

Callianassa crassa, paratype, dactylus of teft cheliped, outer view, * 3. 

Calappa fiammea, dactylus of right cheliped, inner view, X 2. 

Outer view of Same, X 2. 

Callianassa spinulosa Rathbun, paratype iu Mus. Acad. Nat. Sci. Phila., 
propodus of left cheliped, cuter view, > 2. 

Callianassa spinulosa, holetype and impression, left propodus, . outer 
view, X 2. 

Distal view of same holotype, x 2. 

Inner view of same, X 2. 


. Parthenope pleistocenica Rathbun, holotype, propodal finger of right 


chela, upper view, X 3é. 
Outer view of same, X 34. 
Callianassa stridens Rathbun, holotype, left manus, outer view, X 3. 


. Upper view of same, 3. 


Inner view of same, X 3. 

Callianassa crassimana Rathbun, holotype, propodus of left cheliped, 
inner view, X 2. 

Impression of same, and piece of finger, < 2. 

Holotype laid against impression of same, outer view, X 2. 


. Mursia obscura Rathbun, holotype, carapace, X 3. 


PEATE 62. 


Callianassa magna Rathbun, holotype, dactylus of right cheliped, inner 
view, X 14. 
Outer view of same, X 14. 


. Upper view of same, < 14. 


Callianassa quadrata Rathbun?, carpus of left cheliped, upper view, x 2. 
Lower view of same, >< 2. 

Outer view of same, X 2. 

Callianassa quadrata, holotype, left manus, distal view, < 2. 

Inner view of same, X 2. 

Outer view of same, X 2. 

Callianassa quadrata, paratype a, left manus, outer view, X 2. 

Inner view of same, X 2. 


. Distal view, X 2. 


Callianassa quadrata, paratype c, right manus, outer view, X 2. 
Callianassa quadrata, paratype d, left manus, outer view, X 2. 


PLATE 63. 


Callianassa abbreviata Rathbun, holotype, right manus, inner view, X 3. 
Outer view of same, X 3. 


. Distal view of same, < 


3 
Impression of same, X 3. 
Callianassa abbreviati, paratype vb, piece of propadus of left cheliped, 


outer view, “ 3. 
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Fra. 6. Callianassa abbreviata, paratype a, left manus, outer view, X 3. 
7. Heteractaea lunata (Milne Edwards and Lucas), right chela, Cat. No. 
324265, outer view, X 34. 
8. Upper view of same, X 33 
9, Heteractaeca lunata, right chela of Recent specimen, Cat. No. 2146, * 36. 
10. Callianassa vaughani Rathbun, paratype 6, portion of propodus of left 
cheliped, outer view, X 2. 
i1. Callianassa vaughani, paratype «@, left manus, outer view, X 2. 
12. Inner view of same, X 2. 
13. Callianassa vaughant, holotype, right chela, outer view, X 2. 


PLATE 64. 
Hie. 1. Arenaeus, species, Cat. No. 324252, ieft movable finger, outer view, 

x 34 

2. Cardisoma guanhumi Latreille, propodal finger of left cheliped, outer 
view, X 3. 

3. Lower view of same, X 3. 

4. Upper view of same, X 3 

5. Brachyrhynecha, indeterminable, Cat. No. 824258, merus of ambulatory 
leg, X 8 

6. Brachyrhyncha, indeterminable, Cat. No. 324294, right manus, X 3. 


= 


Uca macrodactylus (Milne Edwards and Lueas), Cat. No. 324251, dacty- 
lus of ambulatory leg, X 34. 

10. ee species, Cat. No. 324280, merus of right cheliped (7), 
view, X 3 

9. Upper view of same, X 334. 

10. Callianassa?, species, Cat. No. 324280, merus of right cheliped (7), 
x 34. 

V1. Huphylax fortis Rathbun, holotype, right side, showing cross sections of 
merus of cheliped and of two legs, * 14. 

12. Front view of same. showing remains of fingers, X 14. 

13. Ventral view of same, * 14 


PLATE 65. 


hg. 1. Callinectes, species, Cat. No. 324255, manus and carpus of left cheliped, 
outer view, X 14. 

Upper view of same, X 14. 

Hupnylax catlinectias Rathbun, holotype, dorsal view, < 14. 

Posterior view of same, X 14. 

. Ventral view of same, X 13. 

. Anterior view of same, X 1. 

Callinectes, species, Cat. No. 324268, distal third, tip missing, of immov- 
able finger, X 3. 
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PLATE 66. 


pan 


Pie. 1. Callinectes declivis Rathbun, holotype, propodus of left cheliped, upper 
view, X 13. 

Inner view of same, X 13 

Outer view of same, X 14. 

Hepatus chiliensis Milne Edwards, Cat. No. 324285, dactylus of right 
chela, inner view, X 34. 

. Callinectes reticulatus Rathbun, holotype, propedus of right cheliped, 

upper view, < 14. 
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. Inner view of same, X 13. 
. Outer view of same, X 13. 
. Panopeus, species, Cat. No. 824254, dactylus of right cheliped, upper 


view, X 3. 


. Outer view of same, X 38. 
. Parthenope panamensis Rathbun, holotype, merus of left cheliped, outer 


view, X 13. 


. Inner view of same, X 14. 
. Hepatus, species, Cat. No. 324239, dactylus of left cheliped, outer view, 


x 2. 


. Huryplax culebrensis Rathbun, holotype, propodus of right cheliped, 


upper view, X 34. 


. Outer view of same, X 33. 

. Thaumastoplax prima Rathbun, paratype, carapace, X 2. 
. Impression of same, X 2. 

. Thaumastoplax prima, holotype, X 2. 

. Impression of same, X 2. 
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GATUNIA PROAVITA RATHBUN. 
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CIRRIPEDIA FROM THE PANAMA CANAL ZONE. 


By Henry A. Pivssry, 


Of the Academy of Natural Sciences, Philadelphia. 


The small number of barnacles collected show the following rela- 
tions. The Pleistocene and Pliocene species are identical with recent 
Atlantic coast and Caloosahatchie Pliocene species, respectively, and 
are distinctively Atlantic forms. Of the Oligocene and Miocene 
species, one has relatives in both oceans, another only in the Pacific; 
the affinities of the third being doubtful. 

BALANUS EBURNEUS Gould. 
Balanus eburneus Piuspry, Bull. U. 8S. Nat. Mus., No. 93, 1916, p. 80, pl. 24. 
figs. 1—-1c, 2, text-figs. 14 and 15, and synonymy. 

This recent species is represented by four individuals from Station 
5867, the wall being preserved complete, but without opercular plates. 
The smooth surface and the closely, regularly septate parietal tubes 
are characteristic, the septa forming cells about equal in length and 
breadth, throughout the tubes. 

Locality and geologic occurrence——They are from a dark mud 
formation about 10 feet above the present sea level, near lower end 
of Gatun Locks. Pleistocene series. D. F. MacDonald, collector. 
April, 1911. Cat. No. 324297, U.S.N.M. Five specimens, from Sta- 
tion 5868, from Mount Hope, in swamp ditch, in black mud forma- 
tion; Pleistocene; D. F. MacDonald, 1911. Cat. No. 324290, U.S.N.M. 

Ten specimens of the same were taken at Station 6038, also from 
black mud fromlower end of Gatun Locks. Pleistocene series. D. F. 
MacDonald, collector, 1911. Cat. No. 324298, U.S.N.M. 

BALANUS GLYPTOPOMA Pilsbry. 
Plate 67, figs. 1-38. 
Balanus concavus glyptopoma Piussry, Bull. U. S. Nat. Mus., No. 93, p. 102, 
pl. 21, fig. 2; pl. 22, figs. 2-2c. 

The walls only of several groups growing on oysters and scallops 
were collected. They agree with the above species described from 
the Pliocene of the Caloosahatchie River, and show some additional 
characters, notably the color. The radii are broad. The parietes are 
weakly ribbed longitudinally, the intervals in the best preserved in- 
dividuals being of a deep livid brown color, the low ribs white. The 
parietal tubes are crossed by many septa, down to the base; these are 
a little less regular than in B. eburneus, most of the cells being longer 
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than wide, exactly as in the type of B. glyptopoma. There are 16 
tubes in the rostrum of one of the specimens figured (fig. 2). The 
basis is profusely porous, the pores septate (fig. 3, left hand and 
middle individuals of group shown in fig. 1). The middle specimen 
of this group is 31 mm. high, the rostro-carnial diameter about 
22 mm. 

B. glyptopoma was described as a subspecies of B. concavus Bronn, 
but it differs from that by the closely septate parietal tubes, and is 
evidently a distinct species. In B. concavus the tubes are filled up 
near the summits, and are open, with very few septa below, or none 
in the American subspecies. The Miocene form formerly referred to 
B. glyptopoma is a distinct subspecies of B. concavus. 

Location and geologic occurrence-—The specimens are from Sta- 
tion 5908, across Chagres River and about 200 to 225 feet above it, 
top of hill opposite Alhahuela, in a gray tufaceous limestone, Cat. 
No. 324298, U.S.N.M. and Station 5906a, 50 to 75 feet below 5905, 
Cat. No. 324299, U.S.N.M. Both collected by D. F. MacDonald. 
Upon mentioning to Dr. William H. Dall that I had identified a 
Phocene barnacle from these Stations, he kindly informed me that 
“both are above the Oligocene strata and separated from the latter 
by an unconformity. They are doubtless Pliocene. 5906a is the 
lower of the two horizons.” 

Mexico. From the Sayula District of Chiapas, on the Arroyo 
Chapapoapam. Pliocene series. Dr. C. W. Hayes and others, col- 
lectors; 1911. Station 5886. One specimen, without opercular valves. 
Cat. No. 324291, U.S.N.M. 


BALANUS CONCAVUS RARISEPTATUS, new subspecies. 
Plate 67, fig. 4. 


In form this barnacle is somewhat cylindric with contraeted sum- 
mit in the adult stage, convexly conic when young. The orifice is 
ovate. The walls are only slightly roughened longitudinally. The 
carinolateral compartments are narrow, the parietes about one-third 
as wide as the lateral compartments. The radii are wide with 
oblique summits, without pores; the articulating edges being crenu- 
lated. The parietal tubes have very few, irregularly scattered, trans- 
verse septa. There are 29 tubes in the rostrum of the type-specimen. 
Another, of equal size, has 17 tubes in the lateral, 6 in the carino- 
lateral compartment. 

Length, 27 mm.; carino-rostral diameter, 22.5 mm.; lateral diame- 
ter, 21 mm. In the largest individual exposed the rostrum is 35 mm. 
long. 

This form is represented by a group of about 16 individuals grow- 
ing upon and largely concealing a single old one of about 37 mm. 
basal diameter. Probably three generations are present. They were 
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in a tufaceous limestone. The tubes of the walls are solidly filled 
with calcite. 

This was at first thought to be a smooth form of Balanus concavus 
Bronn, but on cutting it the parietal tubes were found to be much 
more numerous. In a specimen of &. concavus from the British Red 
Crag (Pliocene), No. 12058, U.S.N.M., there are 19 tubes in the 
rostrum, which is 65 mm. long. Most of these tubes have transverse 
septa at long, irregular intervals, but in some places near the edges 

the septa are rather close, though irregular. 

The relation of this form to B. concavus can not be exactly esti- 
mated until the opercular plates are found. It may be an ancestral 
form of concavus or a distinct species. Meantime, it is readily recog- 
nizable by the characters of the compartments. 

Locality and geologic occurrence.—Panama Canal Zone. From 
85 foot cut, just on north side of big swamp, on relocated line Panama 
Railroad, 14 to 2 miles beyond Camp Cotton toward Monte Lirio. 
Gatun formation. Miocene series. D. F. MacDonald and T. W. 
Vaughan collectors, 1911. 1 cluster; Cat. No. 324292, U.S.N.M. 


BALANUS (HESPERIBALANUS?), species. 


A small, conic barnacle having a basal diameter of about 7 or 8 

mm. is represented by several compartments and one incomplete 
specimen, without opercular valves. The walls are smooth except for 
slight ripples parallel to the base. They are solid, having no parietal 
tubes. The compartments are rather thick for so small a barnacle, 
and when parted the articulating edges of the radii and the opposed 
sutural surfaces are seen to be conspicuously crenulated. The basis 
is calcareous, thin, and seems to have radial threads on its inner 
face. 
These characters indicate a species of the subgenus Hesperibalanus, 
or possibly Solidobalanus. Neither group has been recognized 
hitherto in American tertiary deposits, or in the recent faunas of the 
Panamic region or western Atlantic. The specimens do not seem 
characteristic enough to serve as the basis of a new species, though 
they can not, I think, be referred to any described form. 

Locality and geologic occurrence-—They were collected by Mac- 
Donald and Vaughan in the “ lowest fossiliferous bed, the third below 
the lowest limestone bed, Las Cascadas section, Gaillard Cut. Lower 
part of upper half of Culebra formation. Oligocene.” Station 6020a, 
Cat. No. 324295, U.S.N.M. 

A single valve was taken one-fourth mile south of Empire Bridge, 
from lower dark clay beneath lower conglomerate, lower part of 
Culebra formation, Oligocene; Station 6012a; Cat. No. 324296, 
U.S.N.M. 
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LEPAS INJUDICATA, new species. 
Plate 67, fig. 5. 


This species is based upon a calcareous plate believed to be the 
scutum of a Lepadid barnacle. It is thin, trapezoidal in outline, the 
basal border straight, almost equal to the length, and a little con- 
tracted or narrowly bent in. The tergal extremity is broad and 
somewhat convex. The occludent margin is almost straight. The 
surface has the curvature of an ordinary Lepas, such as L. anatifera, 
and is sculptured with coarse, unequal concentric folds, with, to- 
wards the growing edges, some rather fine concentric striation. 

The fossil is imperfect at the tergal end, but if restored according 
to the lines of growth it would be about 25 mm. long; width 23 mm. 

That the fossil has been correctly interpreted is by no means cer- 
tain. If Lepadid, as believed, the very obtuse tergal end probably 
indicates a small, transversely placed tergum, not running between 
scutum and carina, or perhaps none. Either condition would denote 
greater specialization than the modern genus Lepas. However this 
may be, the fossil is specifically recognizable by its form and sculp- 
ture, and we must await the finding of further material to reveal 
its nature. 

Locality and geologic occurrence.—The holotype is No. 324448, 
U.S.N.M. It was found by MacDonald and Vaughan in a section of 
the bluffs exposed along the Panama Railroad. Relocation, about 
3,500 feet south of Gatun Railroad Station, in bed No. 60880, Gatun 
formation. Miocene series. : 


EXPLANATION OF PLATE 67. 


Nic.1. Balanus glyptopoma Pilsbry. Lateral view of group from Station 5903. 
2. Rostral view of a specimen of B. glyptopona growing on Pecten, Station 
3. Basal view of fig. 1. 
5903, the outer lamina of the wall removed. Length of rostrum 
16 mm. 
4. Balanus concavus rariseptatus Pilsbry. ‘Type. 
5. Lepas injudicata Pilsbry. Type. 
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FOSSIL CORALS FROM CENTRAL AMERICA, CUBA, AND 
PORTO RICO, WITH AN ACCOUNT OF THE AMERICAN - 
TERTIARY, PLEISTOCENE, AND RECENT CORAL REEFS. 


By THomas WaYEAND VAUGHAN, 


Custodian of Madreporaria, United States National Museum, and Geologist in charge 
of Coastal Plain Investigations, United States Geological Survey. 


INTRODUCTION. 


The object of the present memoir is to contribute information 
that may aid in deciphering the geologic history of the perimeters 
of the Gulf of Mexico and the Caribbean Sea. Therefore, problems — 
of correlation, the physical conditions under which the different 
formations were deposited, and the distribution of land and sea 
during the successive geologic epochs have been particularly in mind. 

The material on which this paper is based is extensive. It 
includes collections made in Panama by Dr. D. F. MacDonald and 
me, working jointly, and by Doctor MacDonald while alone; and Dr. 
Ralph Arnold obtained a small but valuable lot of specimens at 
Hmpire in the Canal Zone. The collections from Cuba were made 
by Dr. Arthur C. Spencer, Mr. O. E. Meinzer, and myself; the one 
from Porto Rico was made by Mr. R. T. Hill, who also obtained a 
small but valuable lot of specimens in Antigua; the principal col- 
lections from Antigua and Anguilla are the results of my individual 
efforts, and I obtained considerable material in St. Bartholomew, 
but not so much as Cleve got in 1869. There are numbers of small 
lots, as follows: One from Nicaragua, obtained by Dr. C. W. Hayes; 
one from Colombia, collected by Mr. G. C. Matson; specimens from 
Limon, Costa Rica, procured by Doctor Wailes and Mr. H. Pittier; 
and specimens from eastern Mexico, obtained by Mr. E. T. Dumble. 
All of the collections mentioned are the property of the United 
States National Museum, having been made in connection with 
official work of some kind, or the material, if privately collected, 
has been presented to the Museum. Messrs. Matson, Wailes, Pittier, 
and Dumble have presented specimens. My own collecting in 
Antigua, St. Bartholomew, and Anguilla was made possible by a 
minor grant from the Carnegie Institution of Washington, and as a 
result I brought some thousands of specimens to Washington. 
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These were presented to the United States National Museum by 
the Carnegie Institution. 

Besides having studied the material indicated, I have twice been 
able to examine all of Duncan’s types preserved in the Museum of the 
Geological Society of London and in the British Museum (Natural 
_ History), and I heartily thank the officers of those institutions for 
the privileges accorded me. In 1904 Prof. A. G. Hégbom and 
Prof. C. Wiman most generously permitted the Cleve collection 
from St. Bartholomew and Anguilla to be sent to me in Washington. 
This collection contained all of Duncan’s types from St. Bar- 
tholomew; and I thank Messrs. Hégbom and Wiman for the exceilent 
opportunity they gave me. Some duplicates from the Cleve col- 
lection, identified by direct comparison with Duncan’s types, were 
procured for the United States National Museum by exchange. 

Opportunities to study the Gabb collection from Santo Domingo, 
divided between the Philadelphia Academy of Natural Sciences and 
the Museum of Comparative Zoology, and the specimen obtained by 
Miss Carlotta J. Maury in Santo Domingo, have been very valuable. 
In fact, as a result of Miss Maury’s careful stratigraphic studies in 
that Republic, the stratigraphic relations of the Santo Domingan 
faunas became known. Except retaining a few duplicates, she has 
generously presented to the United States National Museum the 
material obtained by her. 

I wish to thank my associates in the United States National Museum 
and in the United States Geological Survey for their helpfulness 
during the prosecution of this study. Mr. W. O. Hazard, of the 
Survey photographic laboratory, made most of the photographs used 
for illustrations, and Miss Frances Wiesser retouched some of them. 

There is almost no literature on the Tertiary fossil corals of 
Central America, Cuba, or Porto Rico. I listed a few Pleistocene 
species obtained by Mr. R. T. Hill at a place 14 miles west of Port 
Limon, Costa Rica;! and Felix has recorded from Colombia? three 
species, as follows: 

Orbicella theresiana Felix, probably a synonym of Solenastrea 
bournont M. Edward and Haime. 

Isastraea turbinata Dunean. 

Stephanocoenia cf. S. fairbanksi Vaughan. 

None of these records is further considered in the present paper. 

Toula has described Oculina gatunensis from Gatun (see footnote, 
page 352 of this paper). 

GEOLOGIC CORRELATION BY MEANS OF FOSSIL CORALS. 


That vegetative variation in corals is great and that without large 
suites of specimens the limits of variation can not be ascertained are 


1 Mus. Comp. Zool. Bull., vol. 28, p. 275, 1898. 
2 Felix, J., Ueber einige fossile Korallon aus Columbien, K. Bayer. Akad. Wiss.,math.-phys. Kl. 
Sitzungsber., vol. 35, pp. 85-93, 1905. 
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two facts so well known to students of Madreporaria that they need 
only to be mentioned. I can not be sure that all of the supposed 
species recorded in this paper as valid are really valid; and perhaps 
in identifying specimens from one locality with species from other 
localities I may not always have discriminated closely enough. I 
am discussing close resemblances and minute differences, for these 
are the basis of correlation within such regional limits as the borders 
of the Gulf of Mexico and the Carribbean Sea, and the recognition 
and proper evaluation of this kind of resemblances and differences 
affect the reliability of the deductions as to age equivalence. I have 
been as careful as I well could be, but I should not like to insist that 
I am always right in these very refined matters of observation and 
of inferences based on such refined observation. In order to mini- 
mize error inherent in such work, I have tried not. to rely on one 
species, but on groups of species—for instance the species of Orbi- 
cella and of Goniopora in both the Emperador limestone and the 
Anguilla formation—and I have utilized the testimony of other 
groups of organisms. - 

Comparisons of faunas according to the percentages of species in 
common may be very misleading. Faunas now living only a short 
distance from each other may have nothing or almost nothing in 
common. In order to illustrate this I am introducing a table of the 
corals obtained in the Cocos-Keeling Islands by Dr. F. Wood Jones.! 
Although the list has been published elsewhere, it is not very long 
and strikingly illustrates faunal phenomena that are of great geologic 
importance. 


Lisi of corals obtained by Dr. Wood Jones in Cocos-Keeling Islands and their habitat. 
Mee 
rea br.=branching; frag.—fragile; msv.—massive; pl.—plate; incrust.—incrusting. 


Habitat. 


Name of species and growth-form. Barrier pools 


Lagoon. and barrier Hoposed 
at. . 


Seriatopora angulata Klunzinger, delicately branched...............--- 
Pocillopora bulbosa Ehrenberg, br., form depends on env ironment.... 
damicornis (Esper) br., rather Strongest ie ee APR eas ae 
verrucosa (Ellis an Solander), SCOUG AT eer cporetata arora | ere ciate stosecall ee isee rete arelesinielave 
elegans Dana, aeob br. aborted ontsurtit es. ease oe >.< [ISR ea Ss 
eydouzi M. Edwards and Haime, br., rather strong......- x 

woodjonesi Vaughan, br., rather "strong Ads cites Bae sais oma aceled Saree x 
Orbicellaiversinora (uamarck);MSvites seen vee cee ecco eh re cele ceeee aca laeeecweeacines © 

Cyphastrea microphthalma ( Lamarck), TNISV.2 13 SELRREE aasaateisieclonelemeicllocHaemiiee | x 
Echinopora lamellosa (Esper), Chin wMOliaccces snemeaaoecncasiee eacmeee ee Dis let chee erstareiare 

Leptastrea purpurea oo ANA) MMSVAlcoce ve eke cee ableacidieeiceeeucemsecclevtecacsae x 

bottae (M. Edwards and Haime), msv................----- x x 

tmimersa? KAUN ZIN GEL, MSVeeses os sce Se sietcicsaeceeshetccses like Sissies ele x 

Favia stelligera (Dana), MSV...-.....2.2-0ccene eee enecccccecees 3 x< x 
Speciosal (Dana) mSvx (Gead*specimen) sss. sews t coc cc cet vewte|teccine Jone nicccciecs an/elele's 
Favites abdita (Ellis and Solander)smsyse. yee a oe u IS PRR Et ces 
melicerum (Ehrenberg), msv. (dead specimen). ..............)- eee cence lec e ogee eececes 
Leptoria phrygia (Ellis and Solander), Msv...........---.+ceeesseeees eb SSobcsddsacds 
Hydnophora microconos (Lamarck), msv. (dead specimen)............)-2--------|---2eeeeeeeeee 
eeesas Challas) Mo batezeenccsomece ns Saaeacmaceee es cece eel|cos setcmct lim teisslelecteesce 


1 Vaughan, T. W., Some shoal-water corals from Murray Island (Australia), Cocos-Keeling Islands, 
and Fanning Island, Carnegie Inst. Washington, Pub. 213, pp. 70-72, 1918. 
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List of corals obtained by Dr. Wood Jones in Cocos-Keeling Islands and their habitat— 


Continued. 
Habitat. 
Name of species and growth-form. Barrier pools een 
Lagoon. | and barrier Raper 
flat. ets 
Fungia fungites (Linnaeus), free disk. ............-2----cececece cece x P HaT ey ll Core conn 
Scutanian Vamarck ree tisk sss es oee te fs oo oe cae ce eens eo ce celoescccceee KAS SHER ee eee 
Herpetolitha crassa Dana, freeicoral’. 2 ae ee a Ke cell eisretecte ob cpatsterera iste rea srercters 
Pavona danai (M. Edwards and Haime), strong folia................. Sis ciote svetarstal orale lems aetetsterstote 
maldivensts, (Gardiner) mSvan eye. soso asec eee ea eee ee eee eens Lagoon edge |.......... 
of barrier. 
VOTIENS NOLIN S Wyse Wek oe eee ole eet See eee eae Moi aieseeee ete 
Psammocora haimiana M. Edwards and Haime, msv.................|-.------0+ x x 
SP ssalTiCnis Geeyes on Va ates cyan ces Si hag Ly me Ue Sand fal sence geceesee sloseeeenee 
flats 
Dendrophyllia willeyi (Gardiner), msv........... sEiesiajsreintorolosieieteicliate el lieleresei ictal ee eee see eee x 
diaphana Dana, iacrust, base, protub. corallites........)/..........).--0-e-eceeeee x 
Astreopora myriophthalma (Lamarck), MSV........-...0-eceeececeeces[eceececeee ey Jancevaliaissiereataretate 
MONEMPOTA/LEVISI@ TOLG IS Diy fae ee ere ee EE ee ee ye eae Asoo belo nseesGuso 
tortuosa. Dana) tires. bree. cee comortecc once nceee cee oeeoe XK soy lamas isiotiotiek q aialaeryaerertette 
ramosa Bernard, frag., br.......... Bae AES Set an a oe at x _ Especially |.......... 
inner margin. 
cocosensismvaughan, breeesisccacce one ceeeiss tence cocees 
spumosay (hamarchk:) "MSV,se cee cseee etnee eee ecmecee snore 
Spr lobatercolummnseeos ee ser eee eee Sar aia seeniacise 
informis Bernard, msv., pl. on lower edges. 
foliosa ( Pallas), thin folia........... 
Acropora pulchra (Brook), frag., br...........--.- 


pharaonis (M. Edwards and Haime), br. 
forma arabica (M. Edwards and Haime). 
corymbosa (Lamarck), corymbose.....-... 


Spicifera (Dana), COTyYMbOSC..-. 2... eee ewe we ence cee eceeccs 
scherzeriana (Brueggemann), msy. base, stout br. -.........-|.....- 220 c lec ee eee ee eees x 
ocellatanG@unzinger), msvlo bie es ater ceceece cece coos MaRS Beeel stcermusanoO oS x 

variabilis) (Klunzin ger), Dr desssjscctee + bewicticc ctoceiciisee cioce “sallbocosnesac OX i die ileeerek pictets 

palijeras Ghamarck); Strong Disses ses sees ce cence sce ae Age KG theta cteteetere x 

Porites solida (Forskal), msv..........- RF ROO CO CTe a eae ae Oe as BiG lneeae Sen SANE E Seer sees x 

SOTALIENSISAGTAVACTS TSW ais wee eae Petree RE Tea tata | en ee ea CS ee Ea x 

Lichen Dana, iN CLUS tse) ooa ca dose econ eee eee eteloe nln Sols os ne eenaline bone oa one pee x 

MiQnescens) Danan Di swettwaccscd tc ceoee seein las cseeesciocte Bee llasagoqadasas po lesoeeosceo 

Milleporardichotoma) Morskal wb recs ails eine aerate cision ale leicseteie elie ote: Sie leverm etareits Inner margin|.......... 

; of barrier. 
platypnylla*threnberg, strong foliaess.2 saceee oe tciss sence cictl stcmncc see Meenicaseemeeee 
SP SAMCEUSE, HASS Los phatase ce ae eee ae ate ae oe ee ie ee poe Seog | Meeteteeeeey pert x 


Total number of species according to locality............... eae 23 20 16 


Of the 23 species found in the lagoon, 3 also occur on the exposed 
barrier, and one of these is so modified to meet surf conditions that 
ordinarily the specimens from the two localities would not be rec- 
ognized as belonging to the same species. Thirteen per cent of the 
lagoon species occur on the exposed barrier; while 18 per cent of 
the exposed-barrier species occur in the lagoon. These are the 
relations within perhaps half a mile. There are 20 species in the 
barrier pools and on the barrier flat. Of these 6 occur within the 
lagoon and 2 were obtained on the exposed barrier; or there are 
30 per cent in common with the lagoon and 10 per cent in common 
with the exposed barrier. When such relations as these prevail 
among the living corals of a small group of small islands, what are 
the chances that we should among fossil corals get a large percentage 
of common species ? : 

The collection listed shows that certain species do occur in all 
three habitats, and, by searching, spots may be found where the 
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faunas of the different habitats mingle. Corals of the same habitat 
should be compared, or groups of species of the same genera, as I 
have done for Empire (Canal Zone) and Anguilla, where the habitats 
are nearly enough alike for the same genus to thrive in both. Un- 
less it can be established that the habitats are ecologically very 
nearly the same the percentages can not be used safely. 


GEOLOGIC HISTORY OF THE UPPER EOCENE AND LATER CORAL 
FAUNAS OF CENTRAL AMERICA, THE WEST INDIES, AND THE 
EASTERN UNITED STATES. 


EOcENE. 
BRITO FORMATION, NICARAGUA.! 


Dr. C. W. Hayes collected on or near the Pacific coast of Nicaragua 
the following species: 
Astrocoenia d’achiardi Duncan. 
Syzygophyllia hayesi Vaughan. 
ST. BARTHOLOMEW LIMESTONE? 


I am introducing the name St. Bartholomew limestone for the 
upper Eocene limestones of St. Bartholomew. Description of the 
rock, its stratigraphic relations, and summaries of its faunal char- 
acters are given in the papers referred to in the footnotes. Only 
two species of corals found in the St. Bartholomew limestone are 
actually described in the present memoir, namely: 

Asirocoenia @achiardii Duncan. 

ancrustans (Duncan) Vaughan. 

The fossil corals from the St. Bartholomew limestone have been 
specially considered by Duncan * and myself. Prof. A. G. Hégbom, 
of the University of Upsala, kindly lent me in 1904 the entire Cleve 
collection from St. Bartholomew, and in 1914 I spent eight days 
studying and collecting on the island. I am combining both the 
Cleve and my collections in the following list, and am adding 
the names of the Jamaican Eocene species, several of which also 


1 For an account of the Brito formation, see Hayes, C. W., Physiography and geology of region adjacent 
to the Nicaragua Canal route, Geol. Soc. Amer. Bull., vol. 10, pp. 285-348,1910. Description of the Brito 
formation, pp. 309-313. 

2 For accounts of the geology of St. Bartholomew, see as follows: Cleve, P. T., On the geology of the 
northeastern West India Islands, K. svenska Vet.-Akad. Handl., vol. 9, No. 12, pp. 24-27, 1872. Vaughan, 
T. W., Study of the stratigraphic geology * * * of the smaller West Indian Islands, Carnegie Inst. 
Washington Yearbook No. 13, pp. 358-369, 1915; also Yearbook No. 14, pp. 368-373, 1916; [Present status 
of geologic correlation of the Tertiary and Cretaceous formations of the Antilles], Washington Acad. Sci. 
Jour., vol. 5, p. 489, 1915; Reef-coral fauna of Carrizo Creek, Imperial County, California, and its signifi- 
cance, U. 8. Geol. Survey Prof. Pap. 98-T, pp. 362, 363, 1917. 

3 Duncan, P. M., On the older Tertiary formations of the West-Indian Islands, Geol. Soc. London Quart. 
Journ., vol. 29, pp. 548-565, pls. 19-22, 1873. 

Vaughan, T. W., Some Cretaceous and Eocene corals from Jamaica, Mus. Comp. Zool. Bull., vol. 34, 
PP. 227-250, 255-256, pls. 36-41, 1899; A critical review of the literature on the simple genera of the Madre- 
poraria Fungida, with a tentative classification, U. S. Nat. Mus. Proc., vol. 28, pp. 371-324, 1905; Study of 
the stratigraphic geology * * * of the smaller West Indian Islands, Carnegie Inst. Washington Year- 
book No. 13, pp. 358-360, 1915; The reef-coral fauna of Carrizo Creek, Imperial County, California, ete., 
U.S. Geol. Survey Prof. Pap. 98-T. pp. 362-363, 1917. 
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Duncan described Eocene species from 
Jamaica in the papers referred to in the footnotes below.! 


Eocene corals from St. Bartholomew and Jamaica. 


Jamaica. 
St. 
Revised name. Bar- Cata- | Rich- | Cam- 
ole, dupa | mond | bridge 
* | forma-| forma-| forma- 
tion. | tion. | tion. 
: | 
Placotrochus clevei (Duncan).......-....- SCM | es sere Pasay lt VOR) He 
A sterosmilia pourtalesi Duncan..........-| XX |..e.--- SS eSse ssooeEs 
ME WESPCCIES = sameness o<Kuiddondudlasace ae locouoas 
Trochosmilia new species.......2...--.2-- De GISCAS HAE BS SHaa ME atone 
ileal ane see doe eee ae ey altisisisie be lbiseiiate 
Stylophora compressa Duncan...........- UiMiibconoopllococeouloaasoac 
contorta (Leymerie) (fide j.......)....... > iiilosaceec 
Dunean) 
Astrocoenia duerdeni (Vaughan).......... Daan MB Same Saelaseanee 
incrustans (Dunean)......... De aeauonela ssaasiseenceS 
@achiardii Duncan........... 
Anitillia (?) compressa (Duncan) 
(Aicleve Duncan) yas. See se 
SPCCIESE ee eyes ee acces Wee aa 
Columnastrea eyeri Duncan.............- 
Favia new species 1...............---2-6- 
TIC WASDECLESIZ RECN eee 
Goniastrea variabilis Duncan............- 
Maeandra new species 1 ................. 
ME WSPECIES 2s ee DO Serva ce eee eens 
Leptoria profunda Dunean.............-- Geile awel ea ea sites Mea dis 
conferticosta (Vaughan). ......../...-..- SC EN era oral Pa Ee 
conferticosta var. columnaris |.......| edapeciemme ascites 
(Vaughan) 
Trochoseris catadupensis Vaughan........|...--.- eel ersisrenyats lononece 
Antilloseris eocaenica (Duncan)......... eee espera clsAssoss ie abeiors 
major (Duncan)............. haere enstetcsore Paeireare electors 
grandis (Dunecan)........... lees srneys line srais lem crsere hap seas 
jamaicaensis (Vaughan)...... x 
cantabrigiensis (Vaughan)....| X 
angulata (Duncan)........-.- x 
» teyclolites (Duncan)... ...9...- x 
Physoseris insignis (Duncan) Der Sec aa maeaad seisenee 
Protethmos (?) new species 1 .: 2S hillgaosesa loqascae | ease 
new species 22) 7.22. 2522 KET SES alte rerats PAeene 
new species 3.0.05. 6 000.0. > Ata mea eas 3 a ipketeis ales 
NEW ISPeGies 44 oi. . vesnjeraters Patt soos aa pec te |lsjccrorrets 
Metethmos (?) new species..............- Kesaltoeene eae ata meee 
Dendracis cantabrigiensis Vaughan.......|..-.--- Wedeease sadeees x 
Actinacis new species .-.-.02..020.. 020.2. Fe Meee c tal teers eee 
ce colueuapelnged cyathiformis (Dun- Jrsese | Disa [ere forstere seutniee 
can | 
Goniopora new species 1 ............2.-.. age SNuleet [ta etoemers |e Naar Soe 
| } 
MIG WiiSPECIES) 2. se Ee es Kelle ssecaleteees li age 


Notes. 


Turbinoseris clevei Duncan. 


Fiabellum appendiculatum Dune 
can, not; Brogniart. 


Stylocoenia duerdeni Vaughan. 
Stephanocoenia incrustans Dune 
can, 


Circophyllia compressa Duncan. 
Circophyllia clevei Duncan. 


“Kocene of Jamaica.’ 


Manicina areolata Duncan, not 
Linnaeus. 

Ulophyllia macrogyra Duncan, 
not Reuss. 


Diploria conferticosta Vaughan. 


These three ‘species’? may be 
reduced to one. 


Trochosmilia insignis Duncan?+ 
T. arguta Duncan, not Reuss. . 

Trochosmilia subcurvata Duncan, 
pl. 19, fig. 1, not Reuss. 

Trochosmilia subcurvata Duncan, 
pl. 19, fig. la, not Reuss. 


Astraeopora panicea Duncan, not 


Pictet. ‘ 
Actinacis rollei Duncan, not 
Reuss. 

Porites ramosa Dunean, not 
Catullo. 


The following names in Duncan’s list of St. Bartholomew corals 
are dropped, because the specimens on which he based his deter- 
minations could not be found: 


1Duncan, P. M., and Wall, G. P., A notice of the geology of Jamaica, especially with reference_to the 
district of Clarendon; with descriptions of the Cretaceous, Eocene, and Miocene corals of the island, Geol. 
Soc. Condon Quart. Journ., vol. 21, pp. 1-15, pls. 1,2, 1865 (the descriptions of the corals are by Duncan), 
Duncan, P. M., On the fossil corals (Madreporaria) of the West Indian Islands, Geol. Soc. London Quart. 


Journ., vol. 24, pp. 9-33, pls. 1-2, 1867. 
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Stylophora distans (Leymerie). 
conferta Reuss. — 
tuberosa Reuss. 
granulata Duncan. 

Stephanocoenia elegans (Leymerie). 

Asirocoenia muligranosa Reuss. 

ramosa (Sowerby). 

Plocophylha caliculaia (Catullo). 

Solenastraca columnaris Reuss. 

The revised list of the St. Bartholomew coral-fauna contains 33 
species, two of which may be referred to the synonymy, but a few 
species may be added from the collection I made, the study of which 
is not quite complete. I have described and have had figures made 
of all the species in the Cleve collection. I hope soon to add descrip- 
tions of the specimens I obtained and then to publish a full account 
of the fauna. 

I seriously doubt the Catadupa corals being Eocene; it seems more 
probable that they are Cretaceous. The species I described as 
Trochosmilia hilli is probably a fungid coral. The Richmond “beds” 
of Jamaica contain two species, one of which is found in the St. Bar- 
tholomew limestone. The Cambridge ‘‘beds”’ contain three species, 
two of which also occur in the St. Bartholomew limestone. The 
correlation of the Richmond and Cambridge formations of Jamaica 
with the St. Bartholomew limestone, seems to be well founded. 


JACKSON FORMATION AND OCALA LIMESTONE. 


The corals of the upper Eocene Jackson formation in the Gulf States 
are described in monograph cited below.:' The species are as follows: 
Flabellum cuneiforme var. wailest Conrad. 
Aldrichiella ? elegans (Vaughan). 
Turbinolia pharetra Lea. 
Trochocyathus lunulitiformis (Conrad). 
| var. montgomertensis Vaughan. 

Caryophyllia dalli Vaughan. 
Parasmilia ludoviciana Vaughan. 
Archohelia burnsi (Vaughan). 
Astrangia excpansa Vaughan. 

ludoviciana. Vaughan. 

harrisi Vaughan.* 
Platycoenia jacksonensis Vaughan. 
Balanophyllia irrorata (Conrad). 


i Vaughan, T. W., The Eocene and lower Oligocene coral faunas of the United States, U. S. Geol. Survey 
Mon. 39, pp. 263, 24 pls., 1900. See especially p. 30. 

2Changed from Aldrichia. 

3Changed from Astrohelia. 

4 Name added. 
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Endopachys macluru (Lea). 
var. triangulare Conrad. 
shalert Vaughan.! 
minutum Vaughan. 

A comparison of this list with the one of the St. Bartholomew 
and Jamaican corals reveals nothing in common; but I believe it can 
be made clear that the two faunas are of nearly the same age. That 
the Jackson formation in Mississippi and Louisiana is a shallow-water 
deposit is indicated by the nature of the sediments, the growth of 
specimens of Astrangia on rounded, somewhat indurated balls of 
sand, such as are common along some beaches, the presence of 
oyster shells, etc. The striking difference between the Jackson and 
St. Bartholomew coral faunas is due neither to great difference in 
geologic age nor to difference in the depth of water in which the 
faunas lived, but it is due to difference in the temperature of the 
water. The St. Bartholomew is a tropical fauna; the Jackson is a 
temperate fauna. 

The correlation of the St. Bartholomew limestone, the Richmond | 
and Cambridge formations of Jamaica, and the Brito formation of 
Nicaragua with the Jackson formation of the Gulf States has been 
made possible by the work of C. W. Cooke and J. A. Cushman. 
Cooke shows in the paper cited in the footnote? that the Ocala 
limestone of southern Georgia and Florida is of Jackson age; and in 
more recent papers he * describes the stratigraphic occurrence, and 
J. A. Cushman ‘ describes the species of the orbitoid genus of foram- 
inifera Orthophragmina from the Ocala limestone in southern Georgia 
and Florida. The following is a list of the species: 

Orthophragmina flintensis Cushman. 

floridana Cushman.. 

americana Cushman, st. 

marvannensis Cushman, st. 

mariannensis var. papillata Cushman, st. 
georgiana Cushman, st. 

vaughana Cushman, st. 

Those species whose names are follgmed by ‘‘st.’’ are stellately 
marked or are stellate in form. The Ocala limestone is a shoal-water 
deposit, laid down in a sea having a tropical temperature. One of 
the results of my collecting in St. Bartholomew was to find in the 
St. Bartholomew limestone a stellate species of Orthophragmina, 


1 Name added. as 

2 Cooke, C. W., The age of the Ocala limestone, U.S. Geol. Survey Prof. Pap. 95-I, pp. 107-117, 1915. 

3 Cooke, C. W., The stratigraphic position and faunal associates of the orbitoid foraminifers of the genus 
Orthophragmina from Georgia and Florida, U. 8. Geol. Survey Prof. Pap. 108-G, pp. 109-118, 1917. 

4Cushman, J. A., Orbitoid foraminifera of the genus Orthophragmina from Georgia and Florida, U. 8 
Geol. Survey Prof. Pap. 108-G, pp. 115-124, pls. 40-44. 

5 Vaughan, T. W., A contribution to the geologic history of the Floridian Plateau, Carnegie Inst. Wash- 
ington Pub. 133, pp. 150-153, 1910. 
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nearly related to O. mariannensis Cushman, and a second species of 
Orthophragmina that is of lenticular form. I also collected two 
species cf Nummulites and one species of Lepidocyclina in St. Bar- 
tholomew. Lepidocyclina occurs in Georgia as far down strati- 
graphically as a horizon about the middle of the Jackson formation, 
and apparently as low as the base of the formation. The presence of 
a species of Orthophragmina so similar to O. mariannensis seems to 
warrant the correlation of the St. Bartholomew limestone with the 
upper part of the Ocala limestone of Florida and Georgia, and there- 
fore with the Jackson formation in Mississippi and in the States 
farther westward. 

Regarding the Brito formation of Nicaragua, it must be recognized 
that a single poor specimen of coral furnishes slim evidence on which 
to base a correlation. Doctor Cushman submits the following state- 
ment regarding the foraminifera from the Brito formation: 

As to the Brito material, two lots especially are of interest. No. 6411 ‘“coast about 
2m. s. e. of Brito Harbor” marked ‘‘Ool. fos. 1. s.’’ has abundant orbitoids with a 
beautifully ornamented exterior which without the confirmatory evidence of sections 
seem to be clearly Orthophragmina of a group not so far represented in the material 
studied. From No. 6408 two miles n. w. of Brito Harbor, however, there is more 
evidence. The material is very different and contains specimens which in accidental 
section show definite chambers of Orthophragmina of a different group. This does not 
however suggest either of the species from St. Bartholomew. Associated with it is a 
species of the flattened, broadly spiral form- of nummulites. In the St. Bartholomew 
material there is such a form but of a species very much larger. 

Now there is on the other hand a closer resemblance, that is to the lowest material 
of the Flint River collections. The Brito species of Orthophragmina is similar so far 
as I have made out to the one I have called O. flintensis. Moreover it is associated 
at Brito as along the Flint River with this broadly spiral, flattened form of nummu- 
lite. The specimens of nummulite from the two localities are very close in form 
and size and only differ in minute details. They may not be specifically identical 
in final analysis but are very close. 


The statement by Doctor Cushman seems conclusive. 

A horizon very nearly the same is recognizable in Colombia as the 
following quotation from Doctor Cushman shows: 

Now, as to the specimen from one league west of Arroyo Hondo, Bolivar, Republic 
of Colombia. There is an association of Nummulites and stellate orbitoids which very 
decidedly suggests Eocene. While I can not definitely make out the equatorial 
chambers, the stellate form is very apparent in several specimens, and I should say 
specifically different from any of the species of Orthophragmina described in my 
paper from Georgia and Florida; in fact, they represent a very different group, I 
think, but are undoubtedly Orthophragmina. 


Kocene deposits of the same or nearly same horizon as the St. 
Bartholomew limestone are widely distributed in Cuba, as is indi- 
cated by species of Orthophragmina and a number of echinoid species 
that also occur in St. Bartholomew. 


198 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 
CONCLUDING REMARKS ON THE EOCENE. 


From the foregomg discussion it is clear that marine upper Eocene 
formations are widely distributed in the southern United States, the 
West Indies, Central America, and norihern South America, and 
that the Atlantic and Pacific Oceans were connected at that time. 

ne of the areas in which there was such a connection Was across 
the present site of eastern Nicaragua. 

Haug, | believe, correctly correlated the Jackson of Mississippi 
and other Gulf States with the Bartonian-Ludian (Priabonian) of 
Europe. 

Attention should be directed to a statement by Oppenheim ? in 
which he suggests that the St. Bartholomew coral-fauna might be 
the equivalent of the Priabona formation. The sequence I am 
giving three of the important American horizons precisely paral- 
lels Oppenheim’s order, as expressed on page 13 of his work cited. 
It is as follows: 

Oligocene: 

Middle (Stampian = Rupelian = Antiguan). 
Lower (Sannoisian = Lattorfian = Vicksburgian). 

Eocene: 

Upper (Priabonian = Ludian=Jacksonian = horizon of St. — 
Bartholomew limestone, etc.). 


OLIGOCENE, 
LOWER OLIGOCENE. 
The lower Oligocene corals of the United States have been de- 
scribed by me.° 


Dr. C. W. Cooke, im a paper recently published, subdivides the 
Vicksburg group in Mississippi, Alabama, and Florida as follows: 


Subdivisions of the Vicksburg group in Mississippi, Alabama, and Florida. 


Mississippi. | Alabama. | Florida. 
| 


Bryam calcareous marl. 


o 
eo Soe 7 ql 
| R s 
| Giendon limestone member. 2 

oo 
SARS BW RGIS ont ent iach AUER Capa ean ARI AM IEPA Dee meen ANG ta ri & 
QO |otrr ctr srt errr eee eee net etree eee ee iter te ee reece e etree = 
3 : z 3 
I E Mint Spring : “Chimney Rock” facies g 
S53 | calcareous marl H q 
| member. 5 
= =} 

Forest Hiil sand Red Bluff clay _ 
(Western Mississippi). (EKastern Mississippi). 


1 Haug, Emile, Traité de géolegie, vol. 2, p. 1523, 1911. 

2 Oppenheim, P., Die Priabonaschichten und ihre Fauna, Palacontographica, vol. 47, pp. 348, 21 pls, 
1901. 

3 Vaughan, T. W., The Eocene and lower Oligocene coral faunas cf the United States, U.S. Geol. Survey 
Mon. 39, pp. 263, pis. 24, 1900. See especiaily p. 30. 
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The ‘‘coral limestone,’ formerly referred to the top of the Vicks- 
burg group, as will be shown on subsequent pages, is, in my opinion, 
equivalent to the basal part of the Chattahoochee formation. The 
following is a list of the species of corals at present known from the 
Vicksburg group: 


Fossil corals from the Vicksburg group. 


Marianna 

limestone. 

| 4 
2 Byram Red 
Name. calcareous Mint | Biuff 


marl. | Glendon| Spring clay. 
limestone|calcareous 
member. marl 

member 


Flabellum magnocostatum Vaughan... 
thomboideum Vaughan..... 
Turbinolia insignifica Vaughan........ 
Steriphonotrochus pulcher Vaughan..-... 
vAlrchohelia neglectan(Viaughan) sescscteiecsseeecss seats coe ee ents 
CiCkSbUT Geiss) (CONTA) c-eiscciee se uhlaiewside sineiok tebe ck 
TOSSESSY SDDS (Cos 0b 216 Dy canacenoScenGnoBOOdGoOKEl| lis msull ese nesercs Sebo soaE eaopoosoes 


XXX KK X 


hannisi Waugham) meses cesasecassccice cue ccees tebe cies x 

aldrichi (Vaughan)........--...- bie u(cielelelolelo'eiajele'ee-e’stere x 
Antiguastrea cellulosa (Duncan). ......-.0..-2-ceeccceccsceccece 

Balanophyllia elongata Vaughan........-2-2---2-00---- eee eee ee- x 
COUefer ay (CONES) 2 = sepa antec celecivleteinwtcn Seciece 

caulifera var. multigranosa Vaughan..............)--...-.--- eae ie gee Sesser x< 

Dendropinyllia MEW: SPOClESs «icc. - cre ce lele terse fa fate ararcreleralere’avetafesetatelaratere ye eon sabia HonagHoood \Pisisetectates 


This fauna is different from any now known in the West Indies or 
Central America. It lived under conditions closely similar to those 
under which the Jackson fauna of the same area lived. It is impor- 
tant to note that Antiguastrea cellulosa, a species very abundant in 
the middle and sparingly present in the upper Oligocene, occurs in 
the uppermost beds of the Vicksburg group. The Oligocene coral reef 
represented by the ‘‘coral limestone” at Salt Mountain, Alabama, 
and at Bainbridge, Georgia, overlies the Vicksburg group, which can 
with considerable assurance be correlated with the lower Oligocene 
(Lattorfian) of Veneto and elsewhere in Europe. The greatly- 
developed Oligocene coral reefs of Antigua are to be correlated with 
the reefs of Bainbridge. They are therefore stratigraphically higher 
than the Vicksburg group and are of middle Oligocene (Rupelian = 


Stampian) age. 
MIDDLE OLIGOCENE. 


ANTIGUA FORMATION.1 


The following list of species is based on a revision of Duncan’s 
work on the Antigua corals,? after a study of his types in the collec- 


1 Name proposed by J. W. Spencer in his paper entitled On the geological and physical development 
of Antigua, Geol. Soc. London Quart. Journ., vol. 57, pp. 496-498, 1901. See also, Brown, Amos P., 
Notes on the geology of the Island of Antigua, Acad. Nat. Sci. Phila. Proc. for 1913, pp. 584-616, pls. 18-20, 
1913. Vaughan, T. W., papers referred to in footnote on page 193; and Memorandum on the geology and 
groundwaters of Antigua, B. W.I., Imperial Dep’t of Agriculture West India Bull., vol. 14, No.4, 5pp., 
1915. 

2 Duncan, P. M., On the fossil corals of the West Indian Islands, Part 1, Geol. Soc. London Quart. Journ- 
vol. 19, pp. 408-458, pls. 13-16, 1863; Part 4, Idem., vol. 24, pp. 9-33, pls. 1, 2, 1867. 
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tions of Geological Society of London and the British Museum 
(Natural History), and principally the collection made by myself 
It seems that I failed to find 7 of the 
species reported by Duncan; and apparently Mr. Robert T. Hill and 
Dr. J. W. Spencer each obtained one species that I did not collect. 
I feel a little doubtful about two or three of Duncan’s types having 


which contains 60 species. 


really come from Antigua. 


Each species whose name is preceded 


by an asterisk * is considered in the systematic part of this paper. 


Fossil corals from the Antigua formation. 


Name. 


Distribution outside Antigua. 


*Stylophora ponderosa Vaughan.........- 
MOWaSWECIES Hesse ee nn sece 
new species 2.......-..------ 


Pocillopora tenuis Duncan 

new species 
Madrepora new species 
*Stylocoenia pumpellyi (Vaughan) 


new species 


*A strocoenia guantanamensis Vaughan.. 


*decaturensis Vaughan 


*portoricensis Vaughan 
new species 
Asterosmilia exarata Duncan var 
Genus indet. new species 
Euphyllia new species 


Antillia new species...............222-- 


Leptomussa new species 
Genus indet. new species 
Cladocora recrescens Lonsdale............ 


*Orbicella antillarum (Duncan) 
*costata (Duncan) 


*insignis (Duncan) 
*intermedia (Duncan) 


*A ntiguastrea cellulosa (Duncan) 


*var. curvata (Duncan).... 

*var. silecensis Vaughan .. 
Diplothecastraea monitor (Duncan) Dun- 

can. 

* Favia macdonaldi : aughan Be ae 8 ae cea 

Mew species =2 fIls. AE IS 

Lamellastraea smythi Dun Cane rece. asia 

Genus indet. new species...........-.-. 

Goniastrea reussi ( Duncan) 

* Maeandra antiguensis Vaughan...... -. 

dens- -elephantis (Dunean).. 
*Leptoria spenceri Vaughan. 
* Manicina willoughbiensis Vaughan 


* Pironastraea antiguensis Vaughan 
Pavona new species 
Leptoseris new species 1..............-.- 

NC WESPECIES eee eee ewes 
Haloseris new species.-...--.--. Ea tuete ts 
*Siderastrea conferta (Duncan)........... 


* Cyathomorpha hilli Vaughan 
*browni Vaughan.......- 
*belli Vaughan....-..-..- 
*splendens Vaughan 


*aniiguensis (Duncan) .. | 


*tenuis (Duncan).--.--.-- | Porto Rico, Cuba 


Chattahoochee formation, up- 
per part, Ga. 
pono nice 


Porto Rico, Cuba, Fla., Ga., 
Miss., Mex., Anguilla, Arube. 


guilla. 


Nomenclatorial notes. 


Stylocoenia lobato-rotundata 


Duncan, not M. Edwards 
and Haime. 
Astrocoenia ornata Duucan, 


not M. Edwards and Haime. 


Heliastraeaantillarum Duncan. 

Heliastraea costata (Duncan) 
Dunean. 

Heliastraea insignis Duncan. 

HHeliastraea radiata var. inter- 
media (Dunean). 

Heliastraea cellulosa (Dunean) 
Duncan + Jsastraea turbinata. 
Dunean. 


Stephanocoenia reussi Duncan- 
Coeloria denselephantis Duncan. 


Maeandrina species Duncan. 
Coeloria labyrinthiformis Dun- 
can, not Linnaeus. 


Tsastraea conferta Duncan. 


Heliasitraea antiguensis (Dun- 
can) Dunean + Astroria 
affinis Duncan + Astroria 
antiguensis Duncan. 

Heliastraea tenuis (Duncan) 
Duncan. 
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Fossil corals from the Antigua formation—Continued. 


Name. Distribution outside Antigua. Nomenclatorial notes. 

*Diploastrea crassolamellata (Duncan)...| Porto Rico, Cuba, Ga., Canal | Heliasiraea crassolamellata 

Zone. (Duncan) Duncan + vars. 

Tenge, pulchella, and no- 

ilis. 
*yar. magnifica (Duncan)....} Porto Rico, Cuba, Ga...-..--- 
EVA ILC Clty CEUTICAM) Semen nee ets iene aaa ls ereetee as -+ var. minor Duncan. 

PICTEUTODICY LLORES DOCIOS Perce c cies ell Oe ae eee eae eee cian Sere 
*Acropora panamensis Vaughan .......- CanaliZonelacene sauce ee sees 
MO WES DECIESHl eter mre isis ol eee reer aie ine tine se mee a eee eins 
*saludensis Vaughan......--- @analtZoneree eke cee | 
MIO WASDECIES 25 4-Sicciaeee co see Siem sce omen Seen etic ee emia 
*A streopora antiguensis Vaughan....-..- Canali Zoneee ser cece em as 
*A ctinacis alabamiensis Vaughan....-.-- Salt Mt., Ala.; Bainbridge, Ga. 
new Species 1.....-...-------- Bainbridge, Ga..........-...-- 


Mont SUCOES Ao ceasbuocsbassed |caccesedubseaoouecensasdocnodepd 
GoninnonmmowsSmeciespl yrerncce nce ees sal eeseciee eee cen ceiae sce ae oes 
ME WASDECIOS $2 ee see seein or | ecinaceiee see ack setae seer 
EOC ATIS) MD UTCAM) premiere lsseilas snc esinleneicse cease seccee Alveopora daedalaea var. regu- 
laris Duncan. 
*var. microscopica (Duncan)..|.......--.-------+-++-----+-+-++-- 
WOY/ GUCOOS Gado Leas ddobernd BadetesonsuarcTAaSscaesnnespoaHost 


*clevei Vaughan.............- Anguilla, Canal Zone.......-..- 
*portoricensis Vaughan.....-- IROTbORRICOsaae ease ee seasons 
*cascadensis Vaughan......-.- Anguilla, Canal Zone.......--. 
MIOW: SDECIOS 4h a see shiansic as oc | annie oe Se clone eee eeicinebnine nets 
MIE WAS DECIOS/ Dee repera ie ace Seatac Eicie eee ee Se Soa cle eee meee uae 
Gonionora (a)itenuis CD unCan) sere sae oe | Sec cee tae ae cers eee e esos Stephanocoenia tenuis (Dun- 
can) + Rhodaraea irregularis 
Duncan. 


PANVEOPOTA MOWISDCCIOSH 25 io nn ceio nc cre aie solo sicinie cele s ciegla'siem's ciel sie ocin= <c 
TIGWYASPECIES 2/2). footetera)e feiss cisicis nll raicleis cae staiciaie: seine screen sapere, 


Three of the species recorded by Duncan from Antigua, in my 
opinion, are incorrectly identified and their names are dropped 
from the list. They are as follows: 

_Favoidea junghuhni Reuss, according to Duncan. 

Heliastraea barbadensis Duncan. 

Solenasiraea turonensis (Michelin), according to Duncan. 

Another species, Astraea megalaxona Duncan, is based on uniden- 
tifiable material, and its name is also dropped. The total number 
of recorded species from Antigua, therefore, is 69, and 5 varieties are 
recognized. Of the 33 species indicated as new, descriptions of 8 
have been written and descriptions of 26 remain to be written at 
the time of making out the preceding table. 

The number of species, 69, recognized is interesting for compari- 
son with the number recorded for areas in which living reefs occur. 
Von Marenzeller ! records 71 species from the Red Sea in his report 
on the Pola expedition corals Bedot? records a total of 74 species 
+5 varieties from Amboina—a number that should be reduced by 
about 4, because of the reference of some names to the synonymy of 
other species listed, leaving the number of valid species at about 70. 
In my paper on the shoal-water corals from Murray Island, Austra- 
hia, I list 63 species from Murray Island and its vicinity in water 
not exceeding 18 fathoms deep, and report 51 species from Cocos- 


1 Von Marenzeller, E., Riffkorallen, Exped. S. M. Schiff Pola in das Rote Meer, Zool. Ergeb. 26, K. Kk. 
Akad. Wiss. Wien, Mat.-Naturwiss Cl., vol. 80, pp. 28-97, pls. 1-29, 1906. 
2 Bedot, M., Madréporaries d’ Amboine, Rev. suisse de Zool., vol. 15, pp. 143-292, pls. 5-50, 1907. 
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Keeling Islands.!. It is known that at least a few more than 51 
species occur in these islands. Outside the main coral-reef zone 
the number of species is smaller. For instance, there are only 43 
supposedly valid species recorded from water between 0 and 25 
fathoms deep in the Hawaiian Islands and Laysan.? It is not cer- 
tain that 3 of the species included in the number 43 were obtained 
_in the Hawaiian Islands. “The usual number of species obtained in 
Florida or the West Indies, in water less than 25 fathoms deep, 
where conditions are favorable for coral growth is about 35. There 
were on the Antiguan reef as many species of corals as are at present 
usual for one island or a small group of islands in the Indo-Pacific, 
and about twice as many species as are usual on a living West Indian 
reef. 

The reason for referring the Antigua reefs to a horizon above the 
lower (Lattorfian) Oligocene is given on page 199. The following 
list of middle (Rupelian) Oligocene genera is taken from Fabiani,°® 
but it is considerably revised and needs further revision: : 


Middle Oligocene (Rupelian) genera of corals in Veneto. 


*Stylophora. Montlivaultia? * Hydno phora. Dimorphastrea? 
*Stylocoenia. Leptaxis. *Leptomussa. Cyathomorpha. 
* Astrocoenia. Astrangia. Mycetophyllia. Hydno phyliia. 
Trochosmilia. Holangia. * Trochoseris. Astraeomor pha? 
Coelosmilia. Gombertangia. Cyathoseris. Acropora. 
Epismilia? *Orbicella. * Mesomor pha. Dendracis. 
Phyllosmilia? Solenastrea. Comoseris? * Astreopora. 
Parasmilia. * Antiquastrea. Mycetoseris. * Actinacis. 

* Huphyllia. Aplophyllia? Leptophyllia? *Goniopora. 
Dichocoenia. Rhabdophyllia. Stephanosmilia. * Porites. 
Stylina? Calamophyllia Thamnasteria? * Alveopora. 
Grumia. *Goniastrea. 


* Indicates that the genus is also found in the middle Oligocene of the West Indies or the southeastern 
United States. 


The generic characters of a number of the corals listed by 
Fabiani can not be ascertained without a restudy of authentically 
identified specimens in the lhght of modern systematic technique, 
which require that besides having an adequate knowledge of the 
morphology of the coral skeleton, the investigation shall proceed 
from a critical study of the type-species of the genera to be recog- 
nized to a similar critical study of the species to be generically iden- 
tified, and that due attention shall be paid to the rules of zoologic 
nomenclature as expressed in the International Code. I will point out 
in passing that there are in the United States National Museum 10 
specimens of the coral to which Reuss applied the name Cyathophyllia 
annulata. It would be too great a diversion to give in this place a 


Fanning Island, Carnegie Inst. Washington Pub. 213, see especially pp. 67-72, 1918. 
2 Vaughan, T. W., Recent Madreporaria of the Hawaiian Islands and Laysan, U.S. Nat. Mus, Bull. 
No. 59, pp. 32-34, 1907. [The list referred to has been slightly revised and the number reduced by 2 names.] 
8 Fabiani, R., [1 paleogene del Veneto, R. Univ. Padova Inst. Geol. Mem., vol. 3, pp. 229-231. 1915. 
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with a synapticulate and perforate wall at and just below the calicu- 
lar margin, the wall at lower ievels usually, but not invariably, 
becoming solid. In Fabiani’s list this species, under the generic 
name Stephanosmilia (name proposed by Reuss in 1874, not Ste- 
phanosmilia De Fromentel, 1862), comes between Parasmilia and 
Plocophyllua (a synonym of Euphylla). I do not know what the 
systematic relations of Leptazis Reuss are. Reuss based the genus 
and the type-species, L. elliptica Reuss, on a single specimen from 
Monte Grumi and seems not to have obtained another from any- 
where. Until additional specimens of L. elliptica have been critically 
studied, Leptaxis is not an-identifiable genus. Although Duncan 
considered Leptaris a subgenus of Antillia, 1 think that it may be 
one of the simple fungid genera. The species referred to 10 genera, 
whose names are followed by a question mark,‘ ?,”’ should all be 
critically restudied. 

The names of the genera preceded by an asterisk, ‘“*’’, in the 
foregoing table are also found in the middle Oligocene of the West 
Indies or the southeastern United States. The following genera 
have closely related species: 


Stylophora Euphyliia Leptomussa Actinacis 
Stylocoema ‘Orbicella Cyathomorpha Goniopora 
Astrocoenia Antiguastrea Astreopora Alveopora 


I am not at all sure that some of the American middle Oligocene 
and the European Rupelian species are not identical. 

Dr. Joseph A. Cushman has described the followmg species of 
Lepidocychina from the coilection I made in Antigua (not yet pub- 
» lished): 

Lepidocyclina gigas Cushman 

undulata Cusnman 
undosa Cushman 
favosa Cushman 

L. undulata seems to be the largest known species of Lepicocychina, 
some specimens attainmg a diameter of 100 mm. 

The calcareous algae, echinoids, Mollusca, and Bryozoa, as well as 
the Foraminifera of the Antigua formation wili be described in a forth- 
coming volume to be published by the Carnegie Institution of Wash- 
ington. The Antigua formation must, in my opinion, be the type 
of the American middle Oligocene. | 


PEPINO FORMATION OF PORTO RICO.! 


The corals here listed were almost all collected by Mr. R. T. Hill. 
I have added the names of a few additional species collected by 
members of the New York Academy Porto Rico Survey. 


1 For accounts of the geologic relations of this formation, see Hill, R. T., Notes on the forest conditions 
of Porto Rico, U.S. Dept. Agriculture Div. of Forestry Bull. No. 25, pp. 14, 15, 1889. Vaughan, T. W., 
see references in footnote on pp. 193, 205. 
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Fossil corals from the Pepino formation. 


Astrocoenia portoricensis Vaughan, Antigua, and Canal Zone. 

Orbicella costata (Duncan), Antigua, Anguilla, Canal Zone. 

Antiguastrea cellulosa (Duncan), Antigua, Florida, Georgia., etc. 

Maeandra portoricensis Vaughan. 

Leptoseris portoricensis Vaughan. 

Prronastraea anguillensis Vaughan, Anguilla. 

Siderastrea conferta (Duncan), Antigua, Canal Zone, Anguilla. 

Cyathomorpha antiguensis (Duncan), Antigua, Cuba, Mexico. 

tenuis (Duncan), Antigua, Cuba. 

Diploastrea crassolamellata (Duncan), Antigua, Cuba, Georgia. 

Astreopora portoricensis Vaughan. 

Goniopora portoricensis Vaughan, Antigua. 

Of the 12 species from the Pepino formation, 8 are known in the 
Antigua formation of Antigua. — 


LIMESTONE ABOVE CONGLOMERATE NEAR GUANTANAMO, CUBA. 


The geologic relations of the corals from the vicinity of Guanta- 
namo will be described by Mr. O. E. Meinzer in a forthcoming report. 
The following is a list of the species: 


Fossil corals from the middle Oligocene, Guantanamo, ‘Cuba. 


Pocillopora guantanamensis Vaughan. 

Astrocoenia guantanamensis Vaughan, Antigua, Panama. 
decaturensis Vaughan, Antigua, Georgia. 
meinzert Vaughan. 

Antiguastrea cellulosa (Duncan), Antigua, Porto Rico, ete. 

Trochoseris meinzeri Vaughan, Panama. 

Prronastraea antiguensis Vaughan, Antigua. 

Cyathomorpha anguillensis Vaughan, Anguilla. 

antiguensis (Duncan), Antigua, Porto Rico, etc. 
tenuis (Duncan), Antigua, Porto Rico, ete. 

Diploastrea crassolamellata (Duncan), Antigua, ete. 

Goniopora decaturensis Vaughan, Georgia. 

Of the 12 species here listed 7 are also found in Antigua; of the 5 
remaining species 2 are at present known from only one locality, 2 
occur elsewhere in association with a fauna of the same facies as 
that of Antigua, while 1 occurs in the base of the Anguilla formation. 


Limestone, Rio Canapu, Manasasas trail, Cuba. 


The following species were collected by Dr. Arthur C. Spencer: 

Leptoria spenceri Vaughan, Antigua. 

Cyathomorpha tenuis (Duncan), Antigua. 

Diploastrea crassolamellata (Duncan) Antigua. 

The first and second species of the above list were obtained at sta- 
tion No. 3473 of the U. S. N. M. record of localities for Cenozoic in- 
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vertebrate collections. Specimens of Orthophragmina were obtained 
at the same station and indicate upper Eocene or lower Oligocene as 
the age of the rock. This matter will be further discussed in the 
forthcoming report on West Indian paleontology. 


BASAL PART OF CHATTAHOOCHEE FORMATION IN GEORGIA.! 


The localities at which the specimens of fossil corals were obtained 
are at Blue or Russell Springs on Flint River about 4 miles below 
Bainbridge, and at other localities along Flint River to Hale’s Land- 
ing, about 7 miles below Bainbridge. The corals are most embedded 
in or weathered out of chert which was once a coral-reef limestone 
that was formed on the subaerially eroded surface of the Eocene 
Ocala limestone after submergence. Dr. W. H. Dall in a recently 
published paper ? appears to correlate this bed with the Orthaulaz 
pugnax zone of Tampa, Florida, and states that I concur in that 
opinion. Although the chert formmg the base of the Chattahoochee 
formation in the vicinity of Bainbridge is faunally nearly related to 
the ‘“‘silex’’ bed of the Tampa formation, in my opinion they are not 
of the same age, the “silex’”’ bed being geologically younger. The 
coral faunas are not the same, and there is at least a species of one 
genus at Tampa of stratigraphically later affinities than any species 
in the vicinity of Bainbridge. 

The following are the species from near Bainbridge mentioned in 
this paper: 


Fossil corals from basal part of Chattahoochee formation near Bainbridge, Georgia. 


Stylophora minutissima Vaughan. 
Stylocoenia pumpelly: (Vaughan) Vaughan, Antigua. 
Astrocoenia decaturensis Vaughan, Antigua, Cuba. 
Orbicella bainbridgensis Vaughan, Santo Domingo?, Porto Rico. 
Antiguastrea cellulosa (Duncan), Antigua, etc., Tampa. 

var. silecensis Vaughan, Antigua, etc. 
Havites polygonalis (Duncan) var., Antigua. 
Siderastrea silecensis Vaughan, Tampa; Alum Bluff formation. 
Diploastrea crassolamellata (Duncan), Antigua, etc. 

var. magnifica (Duncan), Antigua, ete. 
Astreopora antiguensis Vaughan, Antigua. 
Actinacis alabamiensis (Vaughan), Antigua; Salt Mountain, Ala. 
Goniopora decaturensis Vaughan, Cuba. 


1 The more important references to the literature are as follows: 

Vaughan, T. W., A Tertiary coralreefnear Bainbridge, Georgia, Science, n.s., vol. 12, pp. 873-875, 1900; 
Bainbridge and vicinity in Preliminary report on the Coastal Plain of Georgia by O. Veatch and L. W. 
Stephenson, prepared under the direction of T. W. Vaughan, Geol. Survey of Ga. Bull. 26, pp. 328-333, 
1911; The reef coral fauna of Carrizo Creek, Imperial County, California, and its significance, U. S. Geol. 
Survey Prof. Pap. 98-T, pp. 363-364, 1917. 

Cooke, C. W., Age of the Ocala limestone, U. 8. Geol. Survey Prof. Pap. 95-I, pp. 107-117, 1915. 

2 A contribution to the invertebrate fauna of the Oligocene beds of Flint River, Georgia, Proc. U.S. Nat. 
Ms., vol. 51, pp. 487-524, plates 83-88, 1916. 
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Of the 13 species and varieties listed above, 9 are common to 
Antigua, and Gonopora decaturensis occurs in Cuba in association 
with species of corals abundant in Antigua; of the 3 remaining 
species, Stylophora minutissuma has so far been positively identified 
only at Bainbridge, but it is very near a species common in Antigua; 
2 of the 13 forms are known from the “‘silex”’ bed of Tampa. The 
coral fauna near Bainbridge is a moderately rich one. In addition 
to those listed there are species of Stylophora, Astrocoenia, Antillia?, 
Astrangia or Rhizangia, Mesomorpha, Astreopora, Actinacis, Gonio- 
pora, and Alveopora, and of a few genera not yet positively identified. 
There are between 25 and 30 species, of which only 4 or 5 are com- 
mon to the Tampa coral! fauna. 

It should be stated here that casts of a species of Pecten, which 
appears to P. suwaneensis Dall, occur at station 3381 in the matrix 
with Diploastrea crassolamellata, which may therefore be of upper 
Eocene as well as of Oligocene age, or | may not have discriminated 
closely enough between species. 


‘“‘CORAL LIMESTONE”’ OF SALT MOUNTAIN, ALABAMA.! 


‘I described in the monograph referred to in the footnote two 
species, as follows: 

Stylophora ponderosa Vaughan, Antigua. 

Actinacis alabamiensis (Vaughan), Antigua; Flint River, Georgia. 

I long surmised that the ‘coral limestone” of Salt Mountain 
really represented the basal part of the Chattahoochee formation, 
but only recently did I obtain evidence that this limestone is the 
stratigraphic correlative of the Antigua formation and of the coral 
reef horizon near Bainbridge. 


SAN RAFAEL FORMATION OF EASTERN MEXICO.2 


The formation from which the fossil corals were obtained was 
first designated by Mr. Dumble ‘‘San Fernando beds,” a name long 
in use for a Tertiary formation in the Island of Trinidad. He has 
recently changed the name to San Rafael. It is an important forma- 
tion in eastern Tamaulipas, Mexico. Several of the corals are not 
well enough preserved for purposes of identification. The following 
is a list: : 

Antiguastrea cellulosa (Duncan), Antigua, etc. 

var. stlecensis Vaughan, Antigua, etc. 
Favites mexicana Vaughan. 
Maeandra dumblei Vaughan. 


1 For a description of the geologic relations, see Vaughan, T. W., Eocene and lower Oligocene coral 
faunas of the United States, U.S. Geological Survey Mon. 39, pp. 30, 31, 1900. 

2 The principal literature is as follows: 

Dumble, E. T., Some events in the Eocene history of the present Coastal area of the Gulf of Mexico in 
Texas and Mexico, Journ. Geol., vol. 23, pp. 481-498, 1915 (see especially pp. 495-497); Tertiary deposits 
of northeastern Mexico, California Acad. Sci. Proc., ser. 4, vol. 5, pp. 163-193, pls. 16-19, 1915 (see espe- 
cially pp. 189-192). 
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Oyathormorpha antiguensis (Duncan), Antigua, etc. 

Goniopora species. Similar to Antiguan species. 

Although the identifiable species are few, it appears safe to cor- 
relate the San Rafael formation with the Antigua formation. 


TONOSI, PANAMA. 


Doctor MacDonald obtained at this locality, station 6587, the fol- 
lowing species of corals: 

Astrocoenia guantanamensis Vaughan, Antigua, Cuba. 

Favia macdonaldi Vaughan, Antigua. 

Maeandra antiquensis Vaughan, Antigua. 

Trochoseris meinzeri Vaughan, Cuba. 

Diploastrea crassolamellata (Duncan), Antigua, Cuba, etc. 
_ There can be no reasonable doubt that this is the same as the coral 
fauna found in the Antigua formation. As the locality at which 
the specimens were obtained is on the Pacific coast of Panama, the 
evidence is conclusive that there was middle Oligocene connection 
between the Atlantic and the Pacific in that area. 


SERRO COLORADO, ARUBE. 


Three species were obtained at this locality,’ as follows: 

Orbicella insignis (Duncan), Antigua. 

Antiguastrea cellulosa (Duncan), Antigua. 

Goniopora species (the kind of casts to which Duncan applied the 
name Alvepora daedalea var. regularis). 

This fauna is evidently the same as that of the Antigua formation. 


CONCLUDING REMARKS ON THE MIDDLE OLIGOCENE. 


The foregoing lists show that Antiguan middle Oligocene coral 
fauna is known in Porto Rico, Cuba, southern Georgia, southern 
Alabama, eastern Mexico, Panama, and Arube. That it also occurs 
in Santo Domingo is known from some of the specimens, Siderastrea 
conferta (Duncan) typical and a peculiar variety of Asterosmalia 
exarata (Duncan), both brought from Santo Domingo by Gabb. It 
is a key horizon in the American Oligocene. The Byram calcareous 
marl of Mississippi occurs either at its base or just below its base. 
It therefore overlies all the Vicksburgian lower Oligocene, with the 
possible exception of the uppermost member, and is stratigraphi- 
cally just below the ‘‘silex bed” of the Tampa formation. The 
correlation of the deposits containing this fauna with the Rupelian 
of Veneto has been made on page 202. 

That there was middle Oligocene connection between the Atlantic 
and the Pacific was pointed out on this page in discussing the species 
from Tonosi, Panama. 


1 Vaughan, T. W., Some fossil corals from the elevated reefs of Curacgao, Arube, and Bonaire, Geolog. 
Reichs-Mus. Leiden Samml., ser. 2, vol. pp. 1-91, 1901 (especially pp. 11, 12). 
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UPPER OLIGOCENE. 


CULEBRA FORMATION. 


The Culebra formation and the base of the Emperador limestone 
in the Canal Zone contain a few species that indicate close relation- 
ship with the Antiguan horizon, but on the whole the affinities are 
rather with the next higher fauna. Fossil corals were obtained in 
the Culebra formation at three stations, as follows: 

Station 5863, west side of Gaillard Cut, at station 1863 of the 
Canal Commission, between points opposite Curacha and Paraiso. 

Station 6020c, Las Cascadas, Gaillard Cut, third bed from the 
bottom of the section. : 

Station 6026, one and one-half miles south of Monte Lirio, on 
Panama Railroad (relocated line). 

The list of species is as follows: 


Species of corals from the Culebra formation. 


Station | Station | Station | Empera- 


Name. | 5863. | 6020c. | 6026. | doris, |Htigua.|) Anguilla. 
Stylophora imperatoris Vaughan........... x | EIST Oh x DQirc wa eens BRN >.< 
goethalsi Vauighan ... 0. o..25.ecc)se cece ee we Thebes ever 3 << Mr nels come cleo Hee oe ets elore 
Onrbicellaycostata;@ouncan) 22-2 ete eee lee eee cee | SEG ete eee lire ee x x 
Siderastrea conferta (Yunmcan).............- loroerocytaterse DM Yr eesitepee ns b| sae ses x x 
Astreopora antiguensis Vaughan........... Hewes eae ESASSASSS | Deppiaiad Seen sie tn ewe ress 
Goniopora cascadensis Vaughan............ Oi ea DO HIDE aR OA Cbs Basnasscea x x 


Of the 6 species in the Culebra formation, 2 also occur in the 
Emperador limestone; 4 also occur in the Antigua formation; and 4 
also occur in the Anguilla formation. There is only one species, 
Astreopora antiguensis, that is elsewhere known only from the 
Antigua horizon; while 2 species are at present known elsewhere. 
only from the Anguilla horizon. These relations indicate, but do not 
prove, that the upper part of the Culebra formation, the part of the 
formation in which the corals were collected, is stratigraphically 
higher than the Antigua formation, and is, therefore, referable to the 
upper Oligocene. The foraminiferal fauna, to be discussed on pages 
554, 555, 585, supplies stronger evidence in favor of considering the 
upper part of the Culebra as of upper Oligocene age. 


EMPERADOR LIMESTONE. 


The principal collections from the Emperador limestone were made 
by Doctor MacDonald and me at Station 6015 and 6016, in Empire 
village. Dr. Ralph Arnold subsequently made a small collection in 
Empire and obtained one species, Pocilopora arnoldt Vaughan, not 
collected by Doctor MacDonald and me. Doctor MacDonald and 
I also made a small collection at Station 60246, the upper bed at . 
the lower end of the culvert where the Panama Railroad (relocated 
line) crosses Rio Agua Salud; and he subsequently obtained some 
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very interesting specimens at station 6256, which is 1} miles south 
of Miraflores. The following is a list of the species: 
4 
Species of corals from the Emperador limestone. 


Empire | Station | Station Anguilla.| Antigua 


quarries. | 6024. 6256. 
Stylophora imperatoris Vaughan................------ x Oe as SEC OBE PTA ORS EBeROH 
panamensis Vaughan........0..225266822. » Shin ESSE SR BG SSB SUE SHEE eer emeHel Se samere ts 
GORE VENTA Wao Gee aaoconaEbeosose Pehla OBAC ERIE S| SOC SCA EI cam caes ly eta aes 
macdonaldi Vaughan...............-.2---- x Delle iS seas Ne ae ore Melee eg an A 
CommliswViaiehaness seinen ances eas SE ASP EE Bee ayceacraranele | Bearers csicre 1 [laeitieciactere 
Pocillopora arnoldi Vaughan .................--2---- Gala AGE Ayal IS Sa ROEOE 4) CEES NOE Loe aa EEG 


A strocoenia portoricensis Wau ghantects soa sre neh nse es ep 
Orbicella imperatoris Vaughan.................-..---- x | 
canalis Vaughan. BSH SS UE TORO HE SU BSH MAE SeaeG x 
Stylangia panamensis Vaughan..................---- x 
Goniastrea canalis Vaughan ................-.-22----- x 
Pavona panamensis Vaughan ..............------+--- x 
Acropora panamensis Vaughan BSB E CHO ACOH NO tco ESS BOMeSHenES | 
SaledensishVialeham sec. eens totem cceeeee | 
Astreopora goethalsi Vaughan.............-..--2.-2-- 
Goniopora hilli Vaughan 20s ches ee eee: 
DANOMENSISOVa NAT sees sep reese ne see 
imperatoris Vaughan...........0....----- 

canalis Vaughan... 

clevei Vaughan. . 

Porites douvillei Vaughan. . 
toulai Vaughan.,..... 
PURANVCIStSUNIATIOM ATI eee eet! mame sans 
anguitilensis Vaughan’ re 2 seen eae eee 
(Synaraea) howei Vaughan...........+.-.-..- 
macdonaldi Vaughan ..........---- 


KKK KKKKKK KKK XK 


Of 26 species from the Emperador limestone, 6 have been identified 
in the Antigua formation and 9 in the Anguilla formation, but it 
is probable that the number of species common to the Emperador 
limestone and the Anguilla formation will be somewhat increased. 
The Emperador limestone is of nearly the same horizon as the An- 
guilla formation. Additional evidence favoring this opinion will be 
adduced on subsequent pages. 


ANGUILLA FORMATION.! 


This name is proposed for the coralliferous limestone and argilla- 
ceous marls of Anguilla. The type-locality is on the south and west 
sides of Crocus Bay, where it is exposed to a thickness of about 200 
feet. The fauna has been monographically described, and the account 
of it will be published in a forthcoming volume of the Carnegie Institu- 
tion of Washington. The following species of corals from it are 
considered in the present paper: 

1 The principal literature is as follows: 
Cleve, P. T., On the geology of the nottheadtenn West India Islands, K. svenska Vet.-Akad. Handl., 


vol. 9, No. 12, p. 22, 1872. 
Vaughan, T. W., see references in footnote, p. 193. 
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Species of corals from the Anguilla formation. 


Cu'ebra | Empera- 
Name. forma- | dor lime-| Antigua.| Other localities. 
tion. stone. 


Stylophora imperatoris Vaughan 
Orbicclinumperatoris Vaughan’... pace es asceeeneee line cceeccee 
costata) (Duncan) )eseseececneoae ae BAS GROOCSE DG ERPS ENS OS Css CoO 
CONALIS NAN shame hse see amen cee ee eee eee Da uae I mR aEN Damm ROM Sa Se OHS 
Amtigquastnied Cellulosay Dn CAm) ei) oe eee al eee ae eee cece x P. R.; Cuba; ete. 
Aganiciavangutilensis Vaus ham eos yevncacwesais j aes cet enicein c wales ne arc toats [ee ae eee |e cee C eee eee ate 
FUMOMIUSIRACAONGUILLENSiS N au shane ec mcseesciiee cee teem ten eccrine mec acenine PLR. z 
Siderastrea conferta (Duncan).......-.....-...-2------ SCTE Sabars cerca x P.R. 
CyaihomorphalanguillensismM aughanes. soos csessscecn lose c cede tec ce eoe lee ceresceclereeeeeee eateries 
rorborough? Vaughan 2.225 leans soos 2 oa oasnoce| = oan clas «lee cucincloos Meat eae eRe eee 
Goniopora panamensis Vaughan.........----.---0e.--|en-eeeeeee x 
UM PETALONISHVAVIEMAMe peas sc se eiejse ine stein ceclleiameme coe »< 
canalis Vaughan........... x 
clevei Vaughan.......... : x 
cascadensis Vaughan ore 
Porites anguillensis Vaughan..........--.-.-----.---- x< oe 
(Synaraea) macdonaldi Vaughan. .............|..-------- a A Sa ect etal atrate ciapehsye eat eer 


P. R.=Porto Rico. 


Of the 17 species listed above, 4 are also found in the Culebra 
formation, 9 in the Emperador limestone, and 12 of the 17 in the 
combined Culebra and Emperador of the Canal Zone. In, addition 
to the species here considered there are other species of Stylophora, 
Stylocoena, Antillia, Cladocora, Maeandra, Goniopora, and Porvies. 
There are 9 or 10 species of Goniopora. The total coral fauna in the 
collections available to me comprises about 28 species. 

The Anguilla formation is correlated with the Emperador limestone 
for the following reasons: Heterosteginoides, a new genus of orbitoidal 
foraminifera described by Doctor Cushman, is represented in the 
Anguilla formation by a species, also found in Antivua, but very 
near a species that occurs in the Emperador limestone. Although 
Heterosteginoides occurs in both Antigua and Anguilla, Lepidocyclina, 
which is so abundant in Antigua, was not collected by me in Anguilla 
and is only sparingly present in. the Emperador limestone. The 
identity of certain species of corals in the two formations has been 
shown. Hchinolampas semiorbis Guppy is abundant in Anguilla (on 
the west side of Crocus Bay between 25 and 70 feet above sea level) 
and in the base of the Emperador limestone, Canal Zone. Orthaulax 
pugnaz (Heilprin) was collected in the base of the Crocus Bay ex- 


posures. 
CUBAN LOCALITIES. 


Orbicella vmperatoris Vaughan has been collected at the following 
localities in Cuba: Station 3450, 4 miles north of Pinar del Rio; 
station 3451, one-half mile west of Ciénaga railroad station, near 
Habana; station 3566, Bejucal; station 7544, Rio Yateras, near 
Guantanamo. That the Anguilla horizon is widely extended in 
Cuba is shown by the distribution of the echinoids which will be 
considered in another place. 
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TAMPA FORMATION OF FLORIDA. 


The corals from the ‘‘silex”’ bed of the Tampa formation considered 
in this paper are as follows: 

Orbicella tampéensis Vaughan. 

var. silecensis Vaughan. 

Antiguastrea cellulosa (Duncan). 

Siderasirea silecensis Vaughan. 

Siderastrea hillsboroensis Vaughan occurs at about the same horizon 
as the ‘‘silex’”’ bed. 

The Tampa coral fauna has not been described in print, but I 
furnished Doctor Dall a list of my manuscript names of the species 
and it appeared in his monograph of the molluscan fauna of the 
Orthaulax pugnaz zone of the Oligocene of Tampa, Florida.t I have 
pointed out that Orbicella tampaensis var. silecensis (see p. 391 of this 
paper) closely resembles some of the variants of O. costata from An- 
guilla and that the specimens identified as Siderastrea silecensis in 
which there are over 60 septa perhaps should be referred to S. con- 
ferta (see p. 449). Besides the species mentioned, there are species 
representing the following genera: Stylophora, Antillia?, Galazea, 
Solenasirea, Maeandra, Syzygophylhia?, Endopachys, Acropora, Gonio- 
pora, Porites, and Alveopora. 

Two and perhaps three of the ‘‘silex’”’ bed species of corals also 
occur at Bainbridge, but the faunas otherwise are not the same. 
Two of the species from Tampa are near living West Indian and 
Floridian species. These are Solenasirea iampdensis Vaughan, nomen 
nudum, which is near S. hyades (Dana); and Porites willcoxt Vaughan, 
nomen nudum, which has the septal arrangement of Porites astreoides. 
The presence of such species with modern affinities seems to me to indi- 
cate a considerably younger age than that of the reefs near Bain- 
bridge. Furthermore Lepidocyclina is abundant in the reefs near 
Bainbridge, but has not yet been found at Tampa. Orthaulax pugnaz 
occurs in the ‘‘silex”’ bed at Tampa, but it has not been found in the 
overlying limestone; the same species occurs in the base of the An- 
guilla formation, but I did not find it at higher levels. Dr. C. W. 
Cooke, who has monographically described the mollusca of the 
Anguilla formation, correlates it with the Tampa formation on the 
basis of similarity in their molluscan faunas. The correlation of the 
Tampa formation is further discussed on pages 570, 571. 

CONCLUDING REMARKS ON THE UPPER OLIGOCENE. 

That there was connection between the Atlantic and Pacific oceans 
during upper Oligocene time is shown by the continuity of both the 
Culebra formation and the Emperador limestone from the Atlantic 
to the Pacific slopes of the Isthmus. On the geologic map, plate 153, 


1U. 8. Nat. Mus. Bull. 90, p. 18, 1915. 
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the Emperador limestone is represented as dipping below the Gatun 
formation on the north side of the Isthmus, and it is exposed almost 
down to the sea level on the south side. The Culebra formation 
underlies the Emperador limestone on both slopes, but it is not indi- 
cated on the map on the north slope of the Isthmus. 


MIOocENE. 
BOWDEN MARL. 


The point of departure in the consideration of the Miocene is the 
fauna of the Bowden marl of Jamaica. The following is a revised 
list of the species: 

Placotrochus costatus Duncan. 

Sphenotrochus new species. 

Placocyathus barretiti Duncan. 

alveolus (Duncan.) 

Stylophora granulaia Duncan. 

Asierosmilia profunda (Duncan). 

halla Vaughan. 

Stephanocoenia intersepta (Esper), also living. 

Antillia walla Duncan. 

Thysanus exceniricus Duncan. 

elegans Duncan. 
new species. 

Syzygophyllia gregorit (Vaughan). 

Siderastrea siderca (Ellis and Solander), also living. 

Gontopora new species. 

Poriies baracodensis Vaughan. 

Acropora new species. 

This fauna indicates somewhat deeper water than that in which 
the species mentioned on preceding pages lived; but the presence of 
Stephanocoenia iniersepia, Siderasirea siderea, Acropora new species, 
a massive species of Goniopora, and Poriies baracodensis, furnish evi- 
dence in favor of the conclusion that the depth probably was not so 
much as 20 fathoms. The most striking feature of this list is that it 
contains the names of two species still living in the Caribbean region, 
in this respect differing from all the other faunas previously consid- 
ered in this paper. The Bowden not only marks the introduction of 
species that persist in the West Indian region, but as neither in 
Jamaica, Santo Domingo, nor Cuba, have species of Asirocoenia, 
Stylocoenia, Leptomussa, Antiguastrea, Faviies, Leptoria, Trochoseris, 
Leptoseris, Haloseris, Pironastraea, Mesomorpha, Cyathomorpha, 
Diploastrea, Astreopora, Actinacis, or Poriies (Synaraea) been found 
in beds of the same age as or younger than the Bowden, these 


1 For an account of the stratigraphic relations of the Bowden marl, see Hiil, R. T., The geology ane 
physical geography of Jamaica, Mus. Comp. Zool. Bull., vol. 34, No. 1, pp. 226, with 35 plates, is9¢ 
(especially pp. 82-86, 145-152). 
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15 genera and one subgenus of middle and upper Oligocene corals 
apparently had become extinct in this region. The genus Thysanus is 
present in the Pliocene Caloosahatchee mar! of Florida;tand in Santo 
Domingo Placocyathus, Stylophora, Antillia, and Syzygophyllia occur 
at horizons above that of the Bowden marl,while the number of species 
now living increases. The Bowden marl marks an important change 
in the character of the coral faunas, a change from an older to a more 
recent facies. It therefore seems to me that the Bowden marl can 
not be considered of Oligocene age, and that it must be referred to 


the lower Miocene. 
SANTO DOMINGO. 


With regard to the species reported by Duncan from Santo Do- 
mingo, it will be said that Duncan does not describe the stratigraphy 
of Santo Domingo, but refers the specimens to the Nivajé shale, the 
superficial or tufaceous limestone, Posterero shale, Cerro Gordo 
shales, Esperanza shale, and ‘‘the silt of the sandstone plain.” The 
following is a list of the species recorded by him, the géologic forma- 
tion in which they were reported to be found, and the revised names 
with annotations: | 


Fossil corals reported by Duncan from Santo Domingo. 


as] .|s|\¢% 
© 3 
s 23/22 | 83 
3 >) on * 
Name used by Duncan. re lalig=| Blo § ae Revised namenand aHnoas 
OUT ary I etealere tee | tnexaed 
38 os S 2 ~~ 
Sn Oui yess 
2 {|no} & ain 
lave MyeraratumMPrOUNCANT. oc. cccice'sc|sciccwsloccces|cescsslesccecleccccs Described from Vere, Jamaica; 
| genus doubtful; identifica- 
tion doubtful. 
Flabellum new species......-..c.sc-e002 ADVENT escape hens Sete PS cg oy ae at Not determinable. 
Placotrochus lonsdalei Duncan..........- a NN tg Weelacee Placotrochus lonsdalei Duncan. 
Ceratotrochus duodecim-costatus M. Ed- |......|.....-\ecceccleceece ea From yellow shale of Angos- 
wards and Haime. tina, Santo Domingo; speci- 
| men not determinable. 
Trochocyathus latero-spinosus M. Edwards} +  |......|eccece\aecocclerccee Placocyathus new species. 
and Haime. | 
Paracyathus henekeni (Duncan) Duncan.| + |...... IRodecaleeaass|easced Ts henekeni (Dun- 
H | can). 
Placocyathus barretti Duncan............|...-.- yeas ae Spe hee a aie oa | Placocyathus barretti Duncan; 
| | originally described from 
Bowden, Jamaica. 
variabilis Duncan.......... + | Placocyathus variabilis Duncan. 
costatus Duncan............ + Placocyathus costatus Duncan. 
Pocillopora crassoramosa Duncan ........ + Pocillopora crassoramosa Dun- 
can. 
Stylophoro affinis Duncan.........-...6. | + | Stylophora affinis Duncan. 
Vial / 721707; MO UNCAM ssrro| ex by ile siccic|'c severe | dejeemalaieaee a Stylophora minor Duncan. 
Stylophora affinis Duncan var. 2......... ape | Ske Maal ecteeelmmane|ecesne Stylophora new species; also 
| from Cerro Gordo shales. 
raristella M. Edwards and |......|....-.|--.c--|ccce-- | -+ | Name discarded for Santo Do- 
Haime. | mingan species. 
Trochocyathus abnormalis Duncan.......| +  jec--se/seeeee lobbe else ues 
Asterosmilia anomala Duncan........... Ise SGshodallossacal bosssa eoaae Asterosmilia abnormalis (Dun- 
cornuta Duncan .........--- ate pid rete keane aL Oe laces can). 
EXATALG WD UNGAMEs eee eee secine alec iee cenicenoreceleeseee Asterosmilia exarata Duncan; 
also in Antigua formation, 
| Antigua. 
Stephanocoenia intersepta M. Edwards |...... lanoodolopadchliéccese + 
and Haime. Stephanocoenia intersepta (Es- 
Antillastraea spongiformis (Duncan) |......|...--.|-cccce\eeccee + per). 
Eee A _ \ | 
ichocoenia tuberosa Duncan..........-- fowl Pat eau Sletste etait ealeisieial| crersreicte ; pal 5 z 
Barysmilia intermedia Duncan..........- lejsietcters [Rireraerate ercrble ete =f Hl Slaleleiae \Dichocoenia tuberosa Duncan. 
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Fossil corals reported by Duncan from Santo Domingo—Continued. 


Name used by Duncan. 


#labellum dubium Duncan 
Antillia lonsdaleia Duncan.............- 
bilobata Duncan 


Phyllocoenia sculpta M. Edwards and 
Haime var. tegula Duncan. 
Phyllocoenia limbata Duncan 
Plesiastraea ramea Duncan 
Heliastraea cylindrica (Duncan) Duncan. 
endothecata (Duncan) Duncan 

brevis (Duncan) Duncan 


Plesiastraea distans Duncan..... 
globosa Duncan 


Solenastraea verhelsti M. Edwards and 
Haime. 


Stephanocoenia dendroidea M. Edwards |. 


and Haime. 
Thysanus corbicula Duncan 
Teleiophyllia grandis Duncan 
navicula Duncan 
Manicina areolata (Linnaeus) 
Maeandrina filograna Lamarck 


ste ceccoscccce 
sec ccescccce 


sinuosissima M. Edwards 
and Haime. 


Lithophyllia affinis (Duncan) Duncan.... 


Antillia ponderosa (M. Edwards and 
- Haime) Duncan. 

deniata Duncanews- 2 secs econ = 

Agaricia agaricites Lamarck..... 

undata Lamarck var 

Siderastraea grandis Duncan 


crenulaia Blainville var. an- 
tillarum Duncan. 


Porites collegniana Michelin...... ASSsoae 
Alveopora fenestrata Dana 


Nivajé shale. 


+++ 


Superf. and tufa- 
ceous limestone. 


weccce 


alieoSt cS 
& S |3q 
Bea ee ! 
a S | S'5,| Revised names and annota- 
2 Ha | Po tions. 
B | & | 38 
~ 2 »~ 
Be Se 
4 oH |A 
Cree eee ERR I TES Antillia dubia (Duncan). 
I AS Bee | Antillia bilobata Duncan. 
a SUT PASS eta a The type of this is from Bar- 


eccccel|ceccce 


woccccel|eoccce 
eccceclecccce 
eaccce|coccee 
ecccce 


eccecccecoce 
eccece 


buda and is a precise syno- 
nym of Orbicella annularis 
(Ellis and Solander); but the 
Santo Domingan specimen 
is a species of Sclenastrea. 
Orbicella limbata (Duncan); also 
reported from ‘‘yellow shale.” 


Varietal forms of Orbicella cav- 

ae eis) ernosa (Linnaeus). 

| Orbicella brevis (Duncan). 

Varietal forms of Solenastrea 
bournoni M. Edwards and 
Haime. 

| A highly fossilized specimen; 

| mame discarded for the Santo 

Domingan coral. 

| Locality not given; probably a 

species of A strocoenia. 

| Thysanus corbicula Duncan. 

| Thysanus grandis (Duncan). 

| Thysanus navicula (Dunean). 

Macandra areolata (Linnaeus). 

“Shale,” no other data on geo- 
logic relations; name dropped 
from list. 

The name proposed by Milne 
Edwards and Haime is a 
synonym of Maeandra stri- 
gosa (Dana); name dropped 
from list. 

Mussa affinis (Duncan); may be 
the young of Mussa angulosa 
(Pallas). 

Syzygophyllia gregorii (Vaughan) 
type from Bowden, Jamaica. 

Syzygophyllia dentata (Dun- 
can). 

Se ESEME poor; names dropped 
from list. 

Type from Jamaica is Sideras- 
trea siderea (Ellis and So- 
lander). 

This seems to be a synonym of 
S. siderea (Ellis and Solan- 
der). 

Name dropped from list. 

Name dropped from list. 


ecceoe 


eoccee 


eeecce 


It has appeared that perhaps two distinct geologic horizons were 
represented by these collections, one of which is the Nivajé shale and 
another which is represented by the superficial and tufaceous lime- 
stones and the silt of the sandstone plain. 


Nivajé shale is as follows: 


The revised list for the 


Revised list of species reported by Duncan from the Nivaje shale. 


Placotrochus lonsdale. Duncan. 
Paracyathus henekena (Duncan). 
Placocyathus variabilis Duncan. 
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Placocyathus costatus Duncan. 
new species. 
Pocillopora crassoramosa Duncan. 
Stylophora affinis Duncan. 
minor Dunean. 
new species. 
Asterosnulia abnormalis (Duncan). 
exarata Duncan. 
Dichocoena tuberosa Duncan. 
Antilha dubia (Dunéan). 
bilobata Duncan. 
Orbicella limbata (Duncan). 
brevis (Duncan). 
cavernosa (Linnaeus). 
Thysanus corbicula Duncan. 
grandis Duncan. 
navicula Duncan. 
Maeandra areolata (Linnaeus). 
Syzygophylla gregoru. (Vaughan). 
dentata (Duncan). 
A total of 23 species. 
The species from the superficial and tufaceous limestones and the 
silt of the sandstone plain are as follows: 


Revised list of species reported by Duncan from the superficial and tufaceous limestones 
and the silt of the sandstone plain. 


*Placocyathus variabilis Duncan. 

Stephanocoema intersepta (Esper). 

*Dichocoema tuberosa Duncan. 

Orbicella lmbata (Duncan). 

*Orbicella cavernosa (Linnaeus). 

Solenastrea bournoni M. Edwards and Haime. 

Mussa affinis (Duncan). 

Siderastrea siderea (Ellis and Solander). 

A total of 8 species, of which 3, those preceded by an asterisk *, are 
also reported from the Nivajé shale; 6 of these species are either at 
present living in the West Indies or the fossil specimens are so similar 
to those of living species that specific discrimination is uncertain (see 
table on pp. 218, 214 for notes). One species, Orbicella lambata, is very 
similar to one of the growth forms of Orbicella annularis. This leaves 
only one species, Placocyathus variabilis, that seems clearly to indicate 
an older Tertiary age. But it should be added that the species of 
Stylophora, to which Duncan attached the name raristella, also mci- 
cates a rather old Tertiary formation. Might these two species have 
been mixed with specimens from a younger formation? Having in 

37149—19—Bull. 103 
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mind the information above stated, I published the suggestion that 
some of the Santo Domingan fossil corals are perhaps of Pliocene age.! 

Recently Miss Carlotta J. Maury has submitted to me for study the 
fossil corals she collected durmg an expedition to Santo Domingo. 
She informs me that the zones on Rio Gurabo are lettered in strati- 
graphically descending series, ‘‘A”’ being at the top and “‘G”’ at the 
base of the section; zone H on Rio Cana is considered to be the same 
as zone G on Rio Gurabo. Bluff 1 on Cercado de Mao is correlated 
by Miss Maury with a part of the Rio Gurabo section above zone G, 
and bluff 3 on Cercado de Mao is correlated with that part of the Rio ~ 
Gurabo section below zone F. 

As regards the corals, the definite stratigraphic tie-point is found 
in zone H on Rio Cana, where three species which also occur in the 
Bowden marl of Jamaica were collected. It has been stated on pp. 
212, 213 of this paper that the Bowden coral fauna is stratigraphically 
above the Oligocene faunas of Antigua, Bainbridge (Georgia), Lares 
(Porto Rico), Empire (Panama), and Tampa (Florida). These Santo 
Domingan corals, except those from zone G—H, therefore belong 
stratigraphically above the horizon of the Bowden marl. In a manu- 
script now almost ready for press I am describing as new six addi- 
tional species of Placocyathus from Miss Maury’s collection. These 
are not entered in the table following. 


' Washington Acad. Sci: Jour., vol. 5, p. 489, 1915. 
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An inspection of the foregoing table shows that at zone H Orbicella 
cavernosa and Solenastrea bournont, both now living, were collected, 
bringing the total of living species from the Bowden horizon up to four. 

The following are my conclusions on the geologic age of the coral- 
liferous beds of Santo Domingo: 

1. The oldest fauna represented by Miss Maury’s collection, zone 
H on Rio Cana, is that of the Bowden marl. It is somewhat younger 
than the Chipola marl of Florida and is of Burdigalian age according 
to European nomenclature. ; 

2. Zone F is closely related to G and H. It is also probably of 
Burdigalian age, and corresponds to a part of the Alum Bluff forma- 
tion of Florida lying above the Chipola marl member. 

3. Zone E and D are faunally near the underlying beds and are 
probably of uppermost Burdigalian or Helvetian age. 

4. Zones C to A, inclusive, are probably of Helvetian age. 

5. The Santo Domingan coral faunas are younger than the exten- 
sively developed Oligocene coral reefs of Georgia, Florida, Cuba, 
Porto Rico, Anguilla, Antigua, and Central America. 

6. The presence in Santo Domingo of Asterosmilia exarata variety, 
which is also found in the Antigua formation, of a species of Lepto- 
mussa, and of Siderastrea conferta (Duncan) typical, indicates that 
there are deposits of middle and upper Oligocene age in Santo 
Domingo, but Miss Maury did not make collections of corals from 


those horizons. 
CUBA. 


BARACAO AND MATANZAS. 

Fossil corals of Bowden age were collected at two localities— 
namely, station 3476, in a yellow marl at Baracao; and station 3461, 
also in a yellow marl in the gorge of Yumuri River, Matanzas. The 
species are as follows: 


Fossil corals from Baracoa and Matanzas, Cuba. 


Name. Baracoa. | Matanzas} Bowden. 
Stylophora.granulata Duncans... 322 oeee hls os bls cds nee ee nas tener eee: x x SK 
Pocillopora baracoGensis; Vaughan). o. Ske 2050 oe Ee eye ee Soh SE a 
Madracis mirabilis (Duchassaing and Michelotti)..................-.......|..-------- x eee aaeteene 
Thysanus hayest Vaughan: ssl 25s ae ae Oe ele See See a a alos Pas Clana DS ante ree 
Porites baracodensiswWiavlehanin secs. s 2 cee ese ee eee see ee ces > Aileel Geeae co ac << 
Val MOLenZzesenseseV AUS MAM a .\sege ee sessile Se eee eee pesreget matey chi eel ec re enn Sl eee 


LA CRUZ MARL. 


This name is proposed for the bedded, yellow, argillaceous, and 
calcareous marl] particularly well exposed on the east side of Santiago 
Harbor between Santiago and the Morro. The type exposures are 
along the railroad eastward from the La Cruz to the crossing of the 
highway from Santiago to the Morro. The corals collected in this 
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formation are listed below. Descriptions of the mollusca by C. W. 
Cooke will appear in a forthcoming publication of the Carnegie In- 
stitution of Washington. The corals are as follows: 


Fossil corals from the La Cruz marl, Cuba. 


Santo 
F Santo : 
Name. D BRORee Domingo | Bowden.| Recent. 
leona zone H 
if 
SMC MIONE CiptiOdS DWI oss Souianb a gesusoucooussocaosacecurgasoe Sr eaten eal: 3 cae a Wee BARE A ore 
FZOCIULO TION CAS DECILES pays eye eee ere eer ae eres ate tehe eae ceded See TEI sic ese clase spare tell hic egaate svete teasers sequen lait Soe crave 
SLEPRONOLOCIIAeNLenSe pla (USPer) eo en ee eee oes ioe Sea eal a teens nae x x 
Onurccilanmoatax CDUNCAM) ea soa te ce ee ctinscece nce foc eee x x< I ayes Seceere ois epevereseacate rs 
Solenastrea hyades (Dana).........-..------ Soa SA es 9 Se Vie ah al (aes ea td lesa Breen eee ese Sense 
bournont M. Hdwards;and Haime . oi... 22. a. --2-4)t-2--- 222 x lageeaao ces x 
Thysanus aft. T. excentricus Duncan..........-..-....---.------ esta 18 Easels 5 Sab Seo x heeeeew oun 
Siderastrea siderea (Ellis and Solander)............-.---.-------- | Sages aL x | x x 
CORMifIIRG FECOHDG VRE TET oe os oaseudsedbossacueddoddad|lsadeseseculaasaopesee leseemdeealeoowesease 
JAUTUIDS (OTIS CEMIRS) seq etaassossoalebeeeasaceseseaoera tontaes Ne eres ace IBS ties | eee eee he x 
CRURAOIIOS (CUENaMIOTO LS 54 says Saskia Be nos ae seboetioe eosee ben oneoaae | ba Hen CROP eP epee x 


Of 11 species listed above, 5 are now living in the Antillean re- 
gion; but of the 8 genera represented, 4,7. e. 50 per cent, are now un- 
known inthe Atlantic Ocean. The horizon appears to be above that of 
the Bowden marl, and to be near zones D and E of the table on 
page 217. I obtained numbers of poor prints and casts of corals 
near or at the base of the formation in the vicinity of Santiago. 
Although they are too poor for determination, they resemble in 
form the “species of Placocyathus, Asterosmilia, Antillia, Thysanus, 
and Syzygophyllia, of the Santo Domingan deposits. Similar poor 
casts and imprints suggest that this is a widely distributed formation 


in Cuba. 
FLORIDA. 


ALUM BLUFF FORMATION. 


The coral fauna of the Chipola marl, member of Alum Bluff forma- 
tion is small, comprising four species representing as many genera, 
namely, Stylophora, Antillia, a new genus that resembles a Thysanus 
with a commensal sipunculid worm in its base, and Goniopora. 

The coral fauna of the Alum Bluff formation is meager. Exclud- 
ing the Chipola marl member it comprises the following species: 


Fossil corals from the Alum Bluff formations 


| - ‘ | Tampa 
|e Oalkc White | F 
Name. | 2 F brick- 

| Grove. Springs. | yard 

| 
PAISETNELUL TO WASDOCIES maior areas ne aie oe ae Sea aa eee Sa aie SIE eee eas | Seta arate tees ia eee a 
GQETASELED NILUSOOTOEILSTS); Vial Sientyes aay Sie nim hr aye er ee VE en ate he | sce Meeheeey x< | < 

SULECETUS TSUN MUL OTN AIR SS ge ak NE a lps SR GS peat Mg. anc tian Carne aay He a re ot ae x 

GOmio DOT ayaCOUIG TNA CI Ame are eee el eae eRe Ree CORR EeOr | tebe Aa S< Kojonecvocateye 

| 


‘ For description of the stratigraphic relations of beds at White Springs see Vaughan, T. W.,and Cooke, 
C. W., Correlation of the Hawthorne formation, Washington Acad. Sci. Journ., vol. 4, pp. 250-253, 1914.4; 


_ Although, in my opinion, the formation in which these corals occur 
should be referred to the Miocene, I believe it is very low Miocene, 


220 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


below the Bowden horizon. A recent discovery by Sellards is of 
importance in determining the age of the Alum Bluff formation.! 
The following is a list of the vertebrates: 

Parahippus leonensis Sellards. 

Merychippus species. 

Mesocyon? leonensis Sellards. 

Oxydactylus ? 

Leptomeryx ? 

Sellards says: 

It would seem, therefore, as a whole, that the vertebrate fossils indicate that the 
Alum Bluff formation is to be referred to the Miocene. The presence of protohippine 
horses in particular would seem to be decisive as to the age of the formation, exclud- 
ing its reference to the Oligocene. 

The opinion of Prof. J. C. Merriam on the age indicated by the 
Merychippus is quoted. He says that he would judge the horizon 
to near the lower portion of the middle Miocene. Later Professor 
Merriam informed me that he considers the Merychippus as of lower 
Miocene (Burdigalian) age. 

The evidence in favor of considering the Alum Bluff as of lower 
Miocene age might be greatly multiplied. The presence at Oak 
Grove, Yellow River, Florida, of a species of Astrhelia closely related 
to A. palmata (Goldfuss) of the Maryland Choptank and Calvert 
formations suggests Miocene. Pecten sayanus Dall indicates Mio- 
cene. Canu and Bassler are positive that the Bryozoa are of Miocene 
age. Berry’s opinion based on his study of the fossil flora ? is not 
incompatible with this interpretation. 


MIDDLE AND SOUTH ATLANTIC STATES. 


The following is a list of the Miocene species, as far as at present 
known :° 


Miocene corals from the Middle and South Atlantic States. 


Geologic formation. 

ae Ch Be aor Choct 
Ey ees op- Saas ork- : octaw- 
Calvert. | tank. | Marys. | town. |DUPIM. | hatchee. 

bs | a |e 

ParacyathusivaughanmiGaners 2-60.22 eee ams tema cece i eae x | K | > Gal baao wee 
Astrhelia palmata (Goldfuss)......----.---- x De tl Paceeretetease Wfavlic Pave aa Sens Sane Rg ieaege 
Astrangialineata (Conrad) eee a SS eee cee eae a < SQ Seapets | ae 
(OPALONE Is Eh olen bean neeacwallanaasuauec oaecuMbaae x eters ses I Senay Ra US Sesto 

Septastrea marylandica (Conrad)...-..--..-|..--.-----|---------- x | Galil Bears saee | x< 
erassax(Tuomey/andsitolimes) =a Sane eee raiaral aesieeveiaeial efso eee | rh iaueeeesee 
Havitessvaugnani (Gregory scsi sees sce ee alee eee alot eee ees lescecn aero eerkasere) eee a etete | eee ent 


1 Sellards, E. H., Fossil vertebrates from Florida, A new Miocene fauna, Florida Geol. Surv., 8th Ann. 
Rept., pp. 83-92, 1916. 

2 Berry, E. W., The physical conditions and age indicated by the flora of the Alum Bluff formation, 
U.S. Geol. Survey Prof. Pap. 98-E, pp. 41-59, pls. 7-10, 1916. 

3 Vaughan, T. W., Anthozoa: Maryland Geol. Survey Miocene, pp. 438-448, pls. 122-129, 1904; The reef 
coral fauna of Carrizo Creek, Imperial County, California, and its significance, U. S. Geol. Survey Prof. 
Pap. 98-T., p. 366, 1917. 
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Berry has recently reviewed the Miocene Calvert flora of Maryland 
and Virginia, and expressed the following opinion :! 

Seven of the Calvert plants, or 26.9 per cent, are common to the Tortonian of Europe, 
and 10 others, or 38 per cent, are represented in the Tortonian by very similar forms. 
Tn view of the fact that these floras spread into both regions from a common and equally 
accessible source, as I have just stated, the evidence that the Calvert flora indicates 
a Tortonian age is as conclusive as intercontinental correlations can ever be. Com- 
pared with other American floras of Miocene age, that of the Calvert has little in com- 
mon with the described Miocene floras from Colorado, Idaho, Oregon, or California, 
which are all lake or river valley floras of moist upland forest types. 

Should Berry be correct in his correlation of the Calvert with the 
European Tortonian, there is at present no definitely recognized 
Helvetian Miocene in the Coastal Plain of the United States; and con- 
sequently no Helvetian coral-fauna. 


COSTA RICA. 


Corals representing the Bowden horizon or one very near it were 
obtained in Costa Rica at two localities, viz: 

“Limon, Colline en démolition,’”’ No. 618 of the H. Pittier déllection: 
and at station 6249, Hospital Bont Bocas del Toro. The species 
from the former of these localities are as follows: 


Asterosmilia hilli Vaughan. 

Stephanocoensa intersepta (Esper). 

Dichocoena tuberosa Duncan. 

Balanophyllia potter. Vaughan. 

Balanophyllia pittiers was obtained at Hospital Point as well as 
at Port Limon. 

PANAMA. 

The type of Stylophora portobellensis Vaughan, from Portobello, 

was probably collected in the Gatun formation. 


COLOMBIA. 


Mr. George C. Matson collected at a locality 0.5 kilometer east of 
Usiacuri in association with a fauna representing the Gatun forma- 
tion specimens of Septastrea matsont Vaughan, which is very nearly 
related to Septastrea marylandica (Conrad)—a species common in 
the St. Marys and Yorktown Miocene of Virginia. The available 
evidence leads to the opinion that the Gatun formation is of Miocene 
age, and that part of it is of upper Miocene age. 


CONCLUDING REMARKS ON THE MIOCENE. 


The Gatun formation, the formation next above the Emperador 
limestone, according to he geologic map, plate 153, occurs only on 
the north flank of the Isthmus and does not extend from ocean to 
ocean. There is in the Canal Zone no evidence to indicate inter- 


1U. 8. Geol. Survey Prof. Pap. 98-F., p. 66, 1916. 
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Oceanic connection during Miocene time, although there was such 
connection in other areas not far away, in Nicaragua for instance. 
During the Miocene there was a very weak development of reef- 
corals in Central America, the Antilles, and the southeastern United © 
States, as the foregoing lists show. The Miocene is characterized by 
the disappearance of many genera of corals that were abundant in 
the middle and upper Oligocene and by the introduction of the modern 
coral-fauna. However, a number of genera at present known living 
only in the Indo-Pacific persisted. These genera are as follows: 


Placotrochus. Pocillopora. Syzygophyllia. 
Placocyathus. Antilra. Pavona. 
Siylophora. Favites. Goniopora. 


Of the Miocene genera, Asirhelia, Septasirea, and Thysanus are not 
known living. 
PLIOCENE. 


CALOOSAHATCHEE MARL, FLORIDA. 


The following species of corals have been recognized in the Caloosa- 
hatchee marl: 

*Archohelia limonensis Vaughan. 

Dichocoena new species 1. 

new species 2. 

Meandrina maeandrites (Linnaeus). 

Cladocora johnsoni Gane. 

Phyllangia floridana Gane. 

*Solenastrea hyades (Dana). 

*bournont M. Edwards and Haime. 

Sepiastrea crassa (Tuomey and Holmes). 

Thysanus species. 

Macandra pliocenica (Gane). 

aff. M. strigosa (Dana). 
aff. MM. clivosa (Ellis and Solander). 
*Siderastrea pliocenica Vaughan. . 
*dalla Vaughan. 
*Porites porites (Pallas). 
*furcata Lamarck. 
dwaricata Le Sueur. 

Those species whose names are preceded by an asterisk are con- 
sidered in the descriptive part of this paper. . 

The foregoing list is complete for the Caloosahatchee corals from 
Caloosahatchee River and Shell Creek, Florida, except one species 
of whose genus I am not sure. There are in the United States 
National Museum 19 species from the Caloosahatchee marl. Of 
these 19 species, 6 and perhaps 8 are also living in the Floridian 
region, while the other species, except those belonging to Sepiastrea 
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-» and Thysanus, have close relatives in the present Floridian fauna. 
I have previously pointed out! that this fauna contains no genera 
at present confined to the Indo-Pacific, such as Placoirechus, Placo- 
cyathus, Stylophora, Pocilopora, Antillia, Syzygophyllia, and Gonio- 
pora, all of which occur in the West Indian Miocene, and all except 
the first two also occur in the West Indian Oligocene or Hocene. 


LIMON, COSTA RICA. 


Certain corals collected in the vicinity of Limon are reputed to 
come from a bed of Pliocene age. They are as follows: 

Madracis mirabilis (Duchassaing and Michelotti). 

Archohelia lumonensis Vaughan. 

Orbicella annularis (Klis and Solander) var. 

cavernosa var. endothecata (Duncan). 
var. cylindrica (Duncan). 

Except Archohelia limonensis, it appears that these corals might 
represent the Santo Domingan Miocene above the Bowden horizon. 
The material is not adequate for a positive opinion. 


CARRIZO CREEK, CALIFORNIA. 


Recently I have described in detail an interesting small reef- 
coral fauna from Carrizo Creek, Imperial County, California.’ 

The following table, taken from the paper mentioned, contains 
the names of the species composing this fauna and of the most 
nearly related species in Florida and the West Indies. 


Corals from Carrizo Creek, Cal. 


Name | Most nearly related species in Florida or West 


Indies. 
Husmilia carrizensis Vaughan..........------5.2.---- | Eusmilia fastigiata (Pallas), Pl, R. 
Dichocoenia merriami (Vaughan)...................-- Dichocoenia species, P; D. stokesi Milne Edwards 
var. crassisepta Vaughan ............-.......- and Haime, Pl, R. 


Solenasirea fairbanksi (Vaughan), typical............. | 


var. colummaris (Vaughan)........+.++-+-+++-- | Solenastrea hyades (Dana)Fand S. bournoni Milne 


Va sLOT MLS NauUgNANE 6.) noise cisisencie vaccine ve 4 : 
var. minor Vaughan........-...2.-.s.escceeel, | Edwards and Haime, P, Pl, R. 
MMGLON Ona KOOWENSt N AUS aNes sane dsm eco meena caer | Maeandra labyrinthiformis (Linnaeus), Pl, R. 


Seer an. Minor Wauighane sre... 22222272222227/ |} Siderasirea @atti Vanghan, P. 


Siderastrea californica Vaughan....-.......-..++--+--- Siderastrea pliocenica Vaughan, P. 
IPONLESICOTMIZENSIS, NAME MAN: eos syste eejscicieuiciecine ce clea es | Porites astreoides Lamarck, Pl, R. 


P, Pliocene; Pl, Pleistocene; R, Recent. 


Regarding the geologic age of this fauna, it was said: 


The specific affinities of the Carrizo Creek corals are discussed in detail after the 
descriptions in the systematic part of this paper. The Carrizo Creek species are so 
near species belonging to the same genera in the Pliocene Caloosahatchee marl of 
Florida and in the Pleistocene and living reefs of Florida and West Indies that it 
seems to me they can scarcely be so old as Miocene; lower Pliocene appears to be the 
maximum age which may be assigned to the fauna. 


1 The reef-coral fauna of Carrizo Creek, Imperial County, California, Prof. Pap. 98-T. p. 366, 1917. 
2U. S. Geol. Survey Prof. Pap. 98-T, pp. 355-386, pls. 92-102, 1917. 
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The following is said as to the bearing of this fauna on a possible 
post-Oligocene interoceanic connection: 

That there was interoceanic connection across parts of Central America during 
upper Oligocene time and that this connection was terminated in Miocene time is 
generally admitted. The extinction of Pacific faunal elements in the Gulf of Mexico, 
the Caribbean Sea, and the Western Atlantic Ocean has been discussed and sum- 
marized on page 366. Was there interoceanic connection during upper Miocene or 
Pliocene time after the sharp differentiation of the Caribbean and Mexican Guli 
faunas from the Indo-Pacific faunas, thereby permitting interoceanic faunal migra- 
tion? The discovery of a reef-coral fauna of purely Floridian and Caribbean facies at 
_ the head of the Gulf of California strongly suggests, if it is not positive proof, that the 
western Atlantic fauna extended from the Atlantic into the Pacific after the faunal 
differentiation had taken place. It is well known that the living reef-coral fauna on 
the Pacific side of Central America is depauperate in comparison with that on the 
Atlantic side. Greater vigor may account for the dominance of the migrant fauna 
over the Pacific fauna, which was finally suppressed, or geologic or other ecologic 
conditions that are not yet understood may have excluded the Pacific fauna from the 
head of the Gulf of California, while they permitted the migration of the Atlantic 
fauna into that area. 

That the suggested interoceanic connection existed can scarcely be doubted. To 
locate it, in the present state of meager knowledge of the areal and stratigraphic geology 
of Central America, is not possible. Perhaps it was across the Isthmus of Tehuante- 
pec. The problem awaits future investigation. 


This fauna differs from the Miocene fauna of the La Cruz marl of 
Cuba in the absence of genera at present living in the Indo-Pacific, 
for instance, Stylophora, Pocillopora, and Goniopora. As none of the 
Indo-Pacific genera occurs in the Carrizo Creek fauna, and as only 
genera of Atlantic affinities have been found there, it seems neces- 
sary to infer that the fauna migrated from the Atlantic to the head 
of the Gulf of California after the Indo-Pacific genera had-become 
extinct in the Atlantic. This would mean connection between the 
Atlantic and the Gulf of California in very late Miocene or Phocene 
time. 

Attention should here be called to a statement for which I am 
responsible. It is said in the report referred to below’ that some 
fossils obtained by Mr. William Palmer in a quarry in Calle Infanta, 
Habana, may be of Phocene age, although it is probable that they 
are Pleistocene and that other limestone near Habana is perhaps of 
Pliocene age. The material obtained by Mr. Palmer is very poor, 
but some specimens are casts of the inside of the calice and the inter- 
septal loculi of a large bilobate species of Antillia. The species more 
probably is A. wali Duncan of the Bowden marl, but it might be 
A. bilobata Duncan; another cast seems to represent a species of 
Thysanus; while another is a species of Syzygophyllia, probably 
S. dentata (Duncan). One specimen of Stephanocoenia intersepta 
(Ellis and Solander) is identifiable. The material seems quite 
clearly to represent either the Bowden or a somewhat higher horizon 


1 Hayes, C. W., Vaughan, T. W., and Spencer, A. C., A geological reconnaissance of Cuba, p. 23, 1902. 
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inthe Miocene. [tis not Pliocene, according to our present knowledge 
of Phocene coral faunas. 
PLEISTOCENE. 


Only the names of the Pleistocene species considered in this paper 
are given in the following lists: 


Pleistocene corals from Mount Hope and Colon, Canal Zone. 


Oculina diffusa Lamarck. 
varicosa Le Sueur. 

Eusmilia fastigiata (Pallas). 

Astrangia (Phyllangia) americana M. mak and Haime.! 

Cladocora arbuscula Le Sueur. 

Solenastrea bournont Milne Edwards and Haime. 

Fava fragum (Esper). 

Maeandra areolata (Linnaeus). 

Manicina gyrosa (Ellis and Solander). 

Agaricia agaricites (Linnaeus). 

var. purpurea Le Sueur. 
pusilla Verrill. 
Siderastrea radians (Pallas). 
siderea (Ellis and Solander) 
Acropora muricata (Linnaeus)! 
palmata (Lamarck) at Colon. 
Porites furcata Lamarck. 
astreoides Lamarck. 

Millepora alcicornis Linnaeus. 

It will be remarked in passing that the coral fauna at Mount 
Hope is a typical inner-flat coral fauna. 

Pleistocene specimens were obtained at Monkey Point and Limon, 
Costa Rica. The list is as follows: 


Pleistocene corals from Monkey Point and Limon, Costa Rica. 


: Monkey | Limon 
Name. Point. |Moin Hill 


EE UGSITLALUON OSTIG IAL (CRC AL IAS) epee ee wie ernie che ays oo ale ia eI Sere ate aL vr es ee Lh 3 

‘Macandra\clivosa,(EllisiandSolander) <2. jee oe nmicieseciais sees cisieiscecesaslele ete Gorse hi leastt eiciosiers 
SERIGOSALCD ANA Meee e aide aie oe eis meee Oe ee eee eae caloscidemmaie x 

Manicinagynosa (Milisjand|Solander) =... s2% wires Sesis oe Ss eictcleeiate eats toate aisle ar ate elareio sine Ssieteleretss cicle x 

PAG ORICID AO QTICLLES HVAT aCTASSGIN CLI baes scissile ates ere a eee Sa aie Staf Siete meicicssin me lessionicis aie tre x 

Siderastrea siderea (Ellis and Sclander)....-..-..-.--.--.-.-.-- Sepa aal Nas shade ievers s/s x 

NCH OMONGMNUILNICHLs CLIMIMACUIS) cia @ inci sealers Siz Slate elm parsislarerei aie ere eaceroSiciciale cain ininicjelsys/ A | Sonal Pyatemneraraets 
palmata Lamarck..... NESE Sago) ONES Mee UIUC i aS ts OA ARUN SE yy UAL ea | x 

TZ OTICEST UU COLOBIUATNATC Reseyeter sae create eee ct nasa Te ore ip ah EO Oe ae apa LO cIa tah syalllotas haha eel aia x 


The corals from Monkey Point represent a seaward-facing reel; 
while those from Moin Hill are more characteristic of inner-flat 
conditions. 


1 Names added in the proof and not entered in the table of species, pp. 228-237., or the systematic 
account of the faunas. 
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SUMMARY OF THE STRATIGRAPHIC AND GEOGRAPHIC DISTRIBUTION OF THE TERTIARY 
_ AND PLEISTOCENE CORAL-FAUNAS OF CENTRAL AMERICA AND THE WEST INDIES. 


1. The upper Eocene coral-fauna of the St. Bartholomew lime- 
stone is known in St. Bartholomew, in Jamaica, and on the Pacific 
side of Nicaragua. 

2. No lower Oligocene coral-fauna is at present known in the 
West Indies or Central America. 

3. Rich middle Oligocene coral-faunas are known in Antigua, 
Porto Rico, Cuba, Georgia (near Bainbridge), Alabama (Salt Moun- 
tain), eastern Mexico, Panama, and the Island of Arube. The same 
fauna is known to be present in Santo Domingo. 

4. Upper Oligocene coral-faunas are present in Anguilla, the 
Canal Zone, Florida (Tampa formation), and there are some reef- 
corals representing the same fauna in Cuba. There seems to be a 
distinct break between this and the succeeding Miocene faunas. 

5. The Bowden, Jamaica, lower Miocene fauna is represented in 
Santo Domingo, Cuba, and Costa Rica. This fauna is probably 
younger than the coral-fauna of the Alum Bluff formation in Florida. 

6. A closely related but higher Miocene fauna is present in Santo 
Domingo and Cuba. It seems probable that this fauna is geologi- 
cally older than the coral fauna of the Maryland and Virginia Miocene. 

7. The presence at Usiacuri, Colombia, of a species of Septasirea, 
very closely related to S. marylandica of the St. Marys and Yorktown 
Miocene of Virginia, suggests the presence in northern South America 
of a middle or an upper Miocene coral fauna. 

8. There is a moderately rich Pliocene fauna in the Caloosahatchee 
marl of Florida, and this fauna appears to be represented at Limon, 
Costa Rica. 

9. Pleistocene reefs are extensively developed in Central America, 
the West Indies, and Florida. 

10. Living reefs exist in the same areas in which there are Pleis- 
tocene reefs. 

11. The periods of reef-coral development are as follows: / 

(a) Upper Hocene St. Bartholomew limestone, weak development. 

(b) Middle Oligocene, the greatest known development of American 
coral-reefs. 

(c) Upper Oligocene, considerable development of reefs. 

(d) Miocene, weak development of reefs. 

(¢) Pliocene, weak development of reef-corals in Florida. 

(f) Pleistocene, extensive development of reefs. 

(g) Recent, extensive development of reefs. 

12. Periods of connection between the Atlantic and Pacific oceans 
are as follows: 

(a) Upper Eocene. 

(b) Middle and upper Oligocene and lower. Miocene. 

(c) A connection, probably narrow, in very late Miocene or in 
Phocene time. 
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TABLE OF STRATIGRAPHIC AND 


Name of species. 


Eocene—Brito 
formation, 
Nicaragua. 


Stylophora imperatoris Vaughan.......-|..-..-.-..-.---- 


panamensis Vaughan 


affinis Duncan..-.--- Ps | one eee eR pa ae 


portobellensis Vaughan 


goethalsi Vaughan 


macdonaldi Vaughan....--.-|....-...-------- 


granulata Duncan 


canalis Vaughan 
ponderosa Vaughan 
Pocillopora arnoldi Vaughan..-....---- 
baracociensis Vaughan 


guantanamensis Vaughan. .}...........----- 


Madracis mirabilis (Duchassaing and 
Michelotti). 

A strocoenia @’achiardii Duncan....-.--- 
guantanamensis Vaughan 


incrustans (Duncan) 


decaturensis Vaughan 


meinzert Vaughan 
portoricensis Vaughan 


Stylocoenia pumpellyi (Vaughan) 


Also St. Bar- 
tholomew. 


Oculina diffusa Lamarck........-.-----]..-..-2----2+---- 


VANCOSAH ue: SUCUTSs ease aenee sal mae eee ee eee 


Archohelia limonensis Vaughan 


A sterosmilia hilli Vaughan 


Stephanocoenia intersepta (Esper) 


Dichocoenia tuberosa Duncan 


Eusmilia fastigiata (Pallas) 


Cladocora arbuscula (Le Sueur) 

Orbicella annularis (Ellis and Sol- 
ander). 

limbata (Duncan) 


Oligocene. 
Horizon of Culebra Horizon of 
Antigua formation, Anguilla 
formation. Canal Zone. formation. 
| 
Be Busine Soeoae Gaillard Cut; | Anguilla...... 
14 mi. S. 
Monte Lirio. 
SE a ee ee cece ce ken eam ae aS 
Le ee sae Sk ee Pee eee 
pass So oe ae si Naat Ppt 042 bag 0) Gi [a ae ee ee a5 
| Monte Lirio. | 
PAllajbarna: Atnt}s2 20h) Santee 0) game enna 
tigua. 


Near Guanta- 
namo, Cuba. 


Antigua; near 

Guantanamo, 
Cuba; Tono- | 
si, Panama. 


Bainbridge, 
Ga.; Antigua; | 
near Guanta- 
namo, Cuba. 

Near Guanta- | 
namo, Cuba. 

Antigua; Lares 
PLR. 

B ain bridge, 
Ga.; Antigua. | 
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Oligocene— 
Continued. : 
Miocene— 
; Horizon of 
Bowden 
Emperador 
limestone, | marl, etc. 


Canal Zone. 


Pliocene. 


Pleistocene. Recent. 


Empire: Rio 
Agua Salud. 


IDLH. osocdd cadeaceteoanee 


Cuba. 


Bettie cies dis (?) 


Empire; Rio 
Agua Salud. 


Baracoa 


Gurabo, 


a ae ae Cuba. 


Limon, C. R.; 


maica. 

Bowden, Ja- 
maica; 
mon, C. R. 


Cuba. 
Limon, C. R.; 
Santo Domin 


go. 


Santo Domin- 
go, Cuba. 


Santo Domin- 
go; Santiago, 


Matanzas and 


Cuba; Rio 
St. 
Domingo,etc. 


Bowden, Ja- 
Li- 


Santo Domin- 
go; Santiago, 


? 


, | Colon, 
Rica. 


Costa 


hatchee marl, 
Florida. 


’ 
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Remarks. 


gion. 


See ees oe eee 


Mt. Hope, C. Z.| Florida; West 
Indies, ete. 
Mt. Hope,C. Z.|..... done eeste 


West Indian | West Indies, 
region. Bermuda,ete. 


Mt. Hope, C. | West Indies; 


Z.; Monkey | Florida, etc. 
1g Opin aaa 
Ww.t. 
Mt. Hope,C.Z.}..... Gone 
W.I.; Fla.; ete.|..... Goa ass: 


Porto Bello; 
ably Gatun forma- 
tion. 


prob- 


Upper Eocene of St. 
Bartholomew. 


Very near the Plei- 
stocene and living 
. stokesi M. 
wards and Haime 
of the West Indies, 
Florida, ete. 


Ed- 


230 


BULLETIN 108, UNITED STATES NATIONAL MUSEUM. 


TABLE OF STRATIGRA PHIC AND GEOGRAPHIC 


Name of species. 


Eocene—Brito 
formation, 
Nicaragua. 


Orbicella imperatoris Vaughan 


antillarum (Duncan) 


altissima (Duncan) 


cavernosa (Linnaeus) 


var. endothecata (Duncan). . 


var. cylindrica (Duncan)... - 
aperta (Veirill) 
bainbridgensis Vaughan 


costata (Duncan) 


canalis Vaughan 
tampdensis Vaughan 


var. silecensis Vaughan 
brevis (Duncan) 


insignis (Duncan) 


intermedia (Duncan)....-..-.-- | 
gabdbi Vaughan 


irradians (M. Edwards and 
Haime). 


Solenastrea hyades (Dana) 


bournoni M. Edwards and 
Haime. 


Septastrea matsoni Vaughan 


Antiguastrea cellulosa (Duncan) 


var. curvata (Duncan). . 
var. silecensis Vaughan. 


elegans (Reuss) ...........- 


alveolaris (Catullo) 


Stylangia panamensis Vaughan 
Favia fragum (Esper) 


macdonaldi Vaughan 


Favites mezicana Vaughan ............. 


polygonalis (Duncan) 


Goniastrea canalis Vaughan............ | 
Maeandra antiguensis Vaughan ....... 


portoricensis Vaughan 


dumblei Vaughan 
areolata (Linnaeus) 


Oligocene. 

Horizon of Culebra Horizon of 
Antigua formation, Anguilla 
formation. Canal Zone. | formation. 

SERRE EE OBar l>boccc soos SououS Anguilla 
Cuba. ‘ 
‘Bainbridge, )).80. gaiatiy. | |coannne 
Ga. 
Auteua, Lares,| Las Cascadas..} Anguilla...... 
AEs 
As SORE e el atin eae tested ria. Anguilla...... 


Antigua; Aru- 
be. 


Antigua; P. 
3 Cuba; 
Ga.; eastern 
Mex.; Arube. 
Antigua 
Bainbridge, 
Ga.; Antigua. 


Tonosi, Pana- 
ma; Antigua. 

Eastern Mexi- 
co. 

Antigua; Bain- 
bridge, Ga. 


Antigua; 
Porto 


Anguilla; 
Tampa, Flori- 
da. 
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Oligocene— 

Continued. : 
Miocene— 
Horizon of Pliocene. | Pleistocene. Recent. Remarks. 
Bowden H 

Emperador miarllete 

limestone, Lets tiy 

Canal Zone. 

iBienyonine) eyavGl: |e Saye ouaaeeoeslosoacsaco esos saallndasoodosacSaopolloudacsn soascEceS 

near Mira- 

flores 

ag eRe (Ee Se ci ei | c ee i se Montserrat, geologic 


Santiago and 
Ciénaga, 
Cuba. 

Santiago, 
Cuba; Santo 
Domingo. 

Usiacuri, Co- 
lombia. 


Caloohat- 
chee marl, 
Fla. 

lero Goto sess 


West Indies; 
Florida. 


West Indies; | 


Florida. 


Mt.Hope,C.Z.; 
W.L.; Fla. 


37149—_19—Bull. 108——4 


Mt.Hope,C.Z.; 
Ww . 


ete. 


eee, | 


West. Indies; 
Florida; Bra- 
Zil. 


West Indies; 
Florida. 


horizon unknown, 
St. Croix, Trinidad; 
probably about the 
horizon of the An- 
tigua formation. 


Tampa, Fla.; about 
the horizon of the 
Peale formation. 


0. 
Santo Domingo, Niv- 
ajé shale. Horizon 
unknown. 


Santo Domingo; hori- 
zon unknown. 


Lutetian (Eocene); 
Rupelian (Oliogo- 
cene) of Veneto, 

Italy. 


Formation in part the 

same as the Gatun 
formation, C. Z. 

Byram marl, Miss. 


Rupelian (Oligocene), 
Venetio, Italy. 

| Rupelian (Oligocene), 

enetio, Italy. 


Fla.; | 
Bermudas; 
Azores; St. | 


Vincent. | 
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Maeandra clivosa (Ellisand Solander) - . 


strigosa (Dana) 


Leptoria spenceri Vaughan 
Manicina gyrosa (Ellis and Solander) .- 


willoughbiensis Vaughan 
Thysanus excentricus Duncan 


hayesi Vaughan 


Syzygophyllia hayesi Vaughan 
Trochoseris meinzeri Vaughan 


Agaricia agaricites (Linnaeus) 


var. purpurea Le Sueur 
var. crassa Verrill 


var. pusilla Verrill 
anguillensis Vaughan 
dominicensis Vaughan......... 


Pavona panamensis Vaughan .......--. 
Leptoseris portoricensis Vaughan ....... 
Pironastraea anguillensis Vaughan ... . 


antiguensis Vaughan 


Siderasirea pariana (Duncan) 


radians (Pallas) 


stellata Verrill 


confusa (Duncan) 


pourtalesi Vaughan 
pliocenica Vaughan 


hillsboroensis Vaughan. ..... 


siderea (Ellis and Solander) . 


var. dominicensis Vaughan 
silecensis Vaughan 


dalli Vaughan 


Eocene—Brito 
formation, 
Nicaragua. 


Oligocene. 
Horizon of Culebra Horizon of 
Antigua formation, Anguilla 
formation. Canal Zone. formation. 


Rio Canapu, 
Cuba; <Anti- 
gua?. 


| 
Guantanamo; 


Tonosi, Pana- 


EE BAS AMOUR EHSH GEMS GASOSOdeSe Anguilla...... 
“Wafes, Py Re.’-|. ne. eee Sree eee eee 
ares: Toad sone eee Anguilla..... 
Zone C, P.R. 

Antigua Guan) hae. acy pene een eee 
tanamo,Cuba. 

RPE meh GAD em enbia UNE LA) Girgni IE ooecs 
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eratarateratetarstetoratate vated | avetetererctorataretararateteral| orefeieretaiaiata ciewleeieia Mt.Hope,C.Z.;| W.1.; Fla.; ete. 
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Name of species. 


Eocene—Brito |. 


formation, 
Nicaragua. 


Horizon of 
Antigua 
formation. 


Oligocene. 


Culebra 
formation, 
Canal Zone. 


Horizon of 
Anguilla 
formation. 


Siderastrea conferta (Duncan) 


Cyathomor pha rochicttina (Michelin) . . - 


hilli Vaughan ...-....... 
browni Vaughan........ 
belli Vaughan -.......... 
splendens Vaughan. ....- 
anguillensis Vaughan.... 
roxboroughi Vaughan .... 
antiguensis (Duncan).... 


tenuis (Dunean)......... 


Diploasirea heliopora (Lamarck) 


crassolamellata (Duncan)... 


var, magnifica (Duncan). 


var. nugenti (Duncan) 
Blanophyllia pittieri Vaughan 


Acropora panamensis Vaughan 


saludensis Vaughan 


muricata (Linnieus) 


palmata (Lamarck) 


Astreopora goethalsi Vaughan .......... 
antiguensis Vaughan 


portoricensis Vaughan 
Actinucis alabamiensis Vaughan 


Croniopora hilli Vaughan .............-- 
panamensis Vaughan......-.. 
decaturensis Vaughan 


regularis (Dunean)....-...... 
var. microscopica (Dunean) . 
jacobiana Vaughan 


imperatoris Vaughan .......-. 
canalis Vaughan 
portoricensis Vaughan.......- 


| a. 
Lares, P. R.... 


Antigua; 
Lares, P.R. 


Antigua; 
Lares, P. R.; 
Guantanamo, 
Cuba; eastern 
Mexico. 

Antigua; 
Lares, P. R.; 
Rio Canapu 
and Guanta- 
namo. 


Antigua; 
Lares, P. R. 
(Zone C); 
Cuba; Bain- 
bridge, Ga.; 
Tonosi, Pana- 
ma. 

Antigua 
Lares, P. R.; 
Guantanamo, 
Cuba; Bain- 
bridge, Ga. 

Antigua....... 


Antigua; 
Bainonage, 


Bain- 
Ga. 


Ala.; 
bridge, 
Antigua. 


‘Bainbridge, 
Ga.; Guanta- 


Lares, P. R.; | 
Antigua. 


Las Cascadas.. 


14 mi. S. of 
Monte Lirio. 


Anguilla ....-. 


| Anguilla 
do 
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Oligocene— 
Continued. 


Emperador 
limestone, 
Canal Zone. 


Rio Agua Sa- 
lud, C. Z. 
| Rio Agua Sa- 
ud and Em- 
pire, C.Z. 


peer een ee ee eee ee 


Miocene— 
Horizon of 
Bowden 
marl, ete. 


Pliocene. 


‘Santiago; 
Cuba; White 


Pieistocene. 


Recent. 


Remarks, 


Monkey Pt. 
and Moin 
Hill, Co Re 
eevee soreelty ee 


ete. 

Monkey Pt., 
C. R.; Colon, 
C. Z. 


East coast of 
Africa to Fiji 
Islands. 


W.1.; Fla.;ete. 


W.I.; Fla.; ete. 


Lattorfian and Rurpe- 
lian (Oligocene) of 
Veneto, Italy. 
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Oligocene. — 
Eocene—Brito 
Name of species. formation, i 
Nicaragua. Horizon of Culebra Horizon of 
Antigua formation, Anguilla 

formation. Canal Zone. formatian. 
Gonioporaicleve: Vaughan esses se eee ae eae Antiouasr sss Sasons asso eee ess Anguilla. ..... 
Cascadensisavaulchanyesssen sie eee ees GussaNedoc Las Cascadas..|..... doze oe 


Porites porites (Pallas) 


furcata Lamarck 


baracodensis Vaughan 


var. matanzasensis Vaughan. .| 


douvillei Vaughan 
toulai Vaughan..... 
astreoides Lamarek 


panamensis Vaughan 
anguillensis Vaughan.......... 
(Synarea) howei Vaughan. 
macdonaldi Vaughan 

Millepora alcicornis Linnaeus 
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Oligocene— 
Continued. © | 


Emperador 
limestone, 
Canal Zone. 


sesecccccesceces 


Miocene— 
Horizon of 
Bowden 
marl, ete. 


“Santiago, 
Cuba. 


Baracoa,Cuba; 
Bowden, Ja- 
maica. 

Matanzas,Cuba 


‘Santiago, 
Cuba. 


Pliocene. Pleistocene. Recent. Remarks. 
wee eter eee e esses Wefatotereroieteletetoletetetetal| stetaicetateratelersiatereters 
eres WET ea een Wile nla’-etc™ 
Boo ReResEsoSboce Ne ORIS yar Obl Ae ae Orsi aecreieis 

Z.; Moin Hill, | 
CER: 
Se a Lath TaN E ASHE Skt eS eaeLtTS 
| | 
| | 
Bod Beedle ae ed 
USO Simoes Oh Waals omlas: 
Z.3,.N ;| Bermudas; 
Fla Brazil, etc. 
PETTSSIN Mt. Hope, 6.2 /|"W-1; Fla.; ete. 
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CONDITIONS UNDER WHICH THE WEST INDIAN, CENTRAL AMERICAN, 
AND FLORIDIAN CORAL REEFS HAVE FORMED, AND THEIR BEAR- 
ING ON THEORIES OF CORAL-REEF FORMATION. 


A brief review of the results obtained from a study of American 
Tertiary and post-Tertiary corals in their relation to the larger prob- 
lem of coral-reef formation in general will now be given. In a paper 
recently published! I stated that in my opinion coral reefs should 
be studied from at least the following standpoints: 

1. The corals themselves, to ascertain the ecologic conditions under which they 
live or lived, and to distinguish the calcium carbonate secreted by corals from that 
contributed through other agencies. 

2. A complex of geologic processes operating in the area must be studied, analyzed, 
and evaluated—among these are the agencies other than corals whereby calcium 
carbonate may be taken from the sea water, the probability of the solvent action of 
sea water on calcium carbonate, the effects of winds, currents, and waves in build- 
ing, shaping, and destroying banks, and in submarine planation. 

3. The stratigraphic and structural geology of the area, including a careful study 
of the origin of the sedimentary rocks with which corals are associated. 

4. The physiography, especially that of the shore line, that of the land area adja- 
cent to the shore, and that of the sea bottom from the shore to abyssal depths. 

In the subsequent discussion, after defining coral reef, brief atten- 
tion will be given to the following topics: (1) The general ecology 
of reef-forming corals; (2) the more striking hypotheses of the for- 
mation of coral-reefs; (3) the conditions under which the American 
Tertiary and Pleistocene reefs have formed and their importance 
as constructional geologic agents; (4) the conditions under which 
the living reefs of the same area formed and their importance as 
constructional agents; (5) coral reefs of the Pacific Ocean and com- 
parison of them with the American fossil and living reefs; (6) sum- 
mary of conclusions. 

It is needless to say that, as an elaborate discussion of the subjects 
mentioned would require a large volume, it is possible in the present 
connection to give only summary statements. 


DEFINITION OF THE TERM ‘‘CorAL REEPF.”’ 
As definitions are essential in this as in other discussions, the 
expression ‘‘coral reef’’ will be defined as follows: 


A coral reef is a ridge or mound of limestone, the upper surface of which lies, or 
lay at the time of its formation, near the level of the sea, and is predominantly com- 
posed of calcium carbonate secreted by organisms, of which the most important are — 
corals.” 


1 Some shoal-water corals from Murray Island (Australia), Cocos-Keeling Islands, and Fanning Island, 
Carnegie Inst. Washington Pub. 213, p. 54, 1918. 

2 Vaughan, T. W., Physical conditions under which Paleozoic coral reefs were formed, Bull. Geol. Soc. 
America, vol. 22, p. 238, 1911. 
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Frequently it is difficult to decide whether or no to apply the desig- 
nation ‘‘coral reef”’ to richly coralliferous deposits that are obviously 
bedded. However, I am applying it wherever corals of reef facies 
seem sufficiently abundant to have formed appreciable rugosities 
on the sea bottom, although the deposits are bedded. 

Reefs predominatly formed by calcareous algae should be desig- 
nated ‘‘nullipore’” or ‘‘Lithothamnium reefs.’’ However, where 
the proportion of these organisms to corals is so nearly the same that 
only exact computation will decide between the two, such a reef 
may be designated ‘“‘coral.’”’ The expression ‘‘reef coral’ will be 
applied to corals of the facies usual in reefs; and “coralliferous 
limestone” or ‘‘coralliferous beds’? will be applied where corals 
are present, although they may be rare. Rock predominantly com- 
posed of the shells of mollusks, of the tests of foraminifera and 
Bryozoa, and of chemically precipitated calctum carbonate are ex- 
cluded from the category ‘‘coral reefs.”’ 

The restricted use of the term ‘‘coral reef” in this paper will prob- 
ably be disapproved by a considerable number of«investigators,but 
in my opinion it is essential to clear thinking. Limestones are 
initially formed by one of two processes, namely, (1) through chem- 
ical precipitation either by inorganic or organic agencies that lead 
to supersaturation of water with reference to calctum carbonate 
(CaCO), (2) through the activity of organisms that cause the pre- 
cipitation of calcium carbonate (CaCO,) in contact with their soft 
tissues. Corals belong to a group of organisms that secrete calcium 
carbonate (CaCO,), that is, cause the precipitation of calcium car- 
bonate (CaCO,) in contact with their soft tissues. Every kind of 
shoal-water calcium-carbonate deposit has been called ‘coral rock”’: 
the molluscan-shell sands of the Bermudas, the chemically precip- 
Fitated calcium carbonate of the oolites of Florida and the Bahamas, 
and limestones composed of the remains of Foraminifera and Bryozoa. 
The terms coral sand and coral mud have been applied to bottom- 
deposits in which there is no coral. To apply the term ‘‘coral rock’’ 
or “‘coral-reef rock”’ to all the kinds of limestones indicated would at 
the present time, in my opinion, be willful mental obfuscation. 
The study of the origin of limestones and the classification of lime- 
stones according to the source of their ingredients constitute a 
scientific problem of great geologic importance, and I believe it a 
scientific duty to break away from a usage that in most instances 
concealed scientific fact. 

The importance of the distinction between ‘‘reef’’ and the mate- 
rial lying between a ‘‘reef’’ and the shore is particularly discussed 
on page 249. 
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This subject has received the attention of very many investigators, 
and most of the broad principles have long been known. Darwin 
clearly recognized the difference in growth-form of exposed-reef 
corals and the corals that grow in the lagoons.' This subject has 
been discussed at great length by subsequent investigators, of whom 
I am one, but although facts have been presented in a more or less 
statistical way, the principle of adaptation of growth form to envi- 
ronment was as clearly perceived by Darwin as it is by anyone to- 
day. Dana’s conclusions on the relations of corals to the tempera- 
ture of the ocean have been modified in only a subordinate way. It 
is scarcely known who first recognized the polymorphism of species 
of corals according to difference in habit. The recognition of such 
vegetative adaptation was at least foreshadowed by Klunzinger and 
Pourtalés. Brook clearly recognized the principle, and during more 
recent years it has been elaborately discussed by Gardiner, Von 
Marenzeller, Wood Jones, and many others, including myself. The 
literature on coral ecology is enormous, and probably the ecologic 
relations of no other group of marie organisms are so well known. 

Recently-I have published two summaries on the physical condi- 
tions under which coral reefs form,’ and have discussed in detail the 
temperature relations of coral reefs in a paper entitled Temperature 
of the Florida Coral-reef Tract.2 Dr. A. G. Mayer has given im- 
portant information on some of the subjects of coral ecology in a 
paper entitled Ecology of the Murray Island coral reef;* and I 
have given considerable data on the relation between the growth- 
form of colonies and habitat in my monograph, Some shoal-water 
corals from Murray Island (Australia), Cocos-Keeling Islands, and 
Fanning Islands.* The last-mentioned paper contains a complete 
bibliography of my publications on corals and coral reefs up to 
March, 1917. 

In the second of my papers referred to in the preceding paragraph,” 
I state on page 99: 

The conditions necessary for vigorous coral-reef development may be summarized 
as follows: (1) Depth of water, maximum, about 45 meters; (2) bottom firm or rocky, 
without silty deposits; (3) water circulating, at times strongly agitated; (4) an abun- 
dant supply of small animal plankton; (5) strong light; (6) temperature, annual mini- 
mum not below 18° C.; (7) salinity between about 27 and 38 parts per thousand. 

To this should be added the statement that the mean temperature 
of the coldest month must not be lower than about 21° C. 


1 Structure and distribution ofcoral reefs, ed. 3, pp. 1-19, 1889. 

2 Vaughan, T. W., Physical conditions under which Paleozoic coral reefs were formed, Geol, Soc. Amer. 
Bull., vol. 22, pp. 238-252, 1911; The results of investigations of the ecology of the Floridian and Bahaman 
shoal-water corals, Nat, Acad. Sci. Proc., vol. 2, pp. 95-100, 1916. See also Corals and the formation of 
coral reefs, Smithsonian Ann. Rept. for 1917 (in press). = 

3 Carnegie Inst. Washington Pub, 213, pp. 321-339, 1918, 

4Idem, pp. 1-48, pls. 1-19, 1918, 

56 Idem, pp. 49-233, pls, 20-93, 1918. 
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Wherever there are well-developed fossil coral reefs it seems safe 
to infer that the physical conditions above enumerated prevailed. 
It is unnecessary to discuss separately each item entered under No. 
11 of the summary statement of the periods of coral reef develop- 
ment on page 226. During upper Oligocene time (the time of the 
deposition of the upper part of the Chattahoochee formation) tropical 
conditions extended in Georgia as far north as latitude 32° 45’. 


HYPoTHESES OF THE FORMATION OF CORAL-REEPS. 


During the past few years elaborate reviews of theories of the forma- 
tion of coral reefs have been published by Prof. W. M. Davis, the 
larger of which are referred to in the footnote below.1 These reviews 
are valuable in presenting most of the important coral-reef theories, 
as they are understood by a physiographer, who is convinced of the 
adequacy of the Darwinian hypothesis. Numbers of complex phe- 
nomena associated with coral reefs are not considered, and his pre- 
sentations are not in all respects satisfying. Prof. R. A. Daly has 
reviewed the literature on coral-reef theory, particularly from 
the standpomt of an adherent of the glacial-control hypothesis.’ 
The literature on coral reefs is so enormous, that in the present paper 
consideration can be given only to certain papers that largely deal with 
coral-reef hypotheses or that contam information on areas herein dis- 
cussed. The limitations of space cause me to omit references to 
many papers of much merit. 

Three kinds of coral reefs are generally recognized, namely: (1) 
Fringing or shore reefs which, as the name indicates, occur along the 
strand line; (2) barrier reefs which occur at variable distances 
off shore and have lagoons from 1 or 2 to as much as 30 or even 40 
fathoms in depth between them and the strand line; (8) atolls, which 
are ring-hke and inclose lagoons above whose surface no land-masses 
of importance protrude. 

As the relations of barrier reefs and atolls to the platforms above 
which they rise constitute m the opmion of geologists the essential 
part of the theory of the development of Recent reefs, the warfare 
of coral reef theory has been waged over the interpretation of these 
relations, which are the conditions of changing or changed position 
of the strand line and the part played by reef-forming organisms 
as constructional agents. 

1. According to Darwin * and Dana,‘ corals first form a fringing 
reef off the sloping shore of a subsiding land area; the reef grows 


1 Davis, W. M., Dana’s confirmation of Darwin’s theory of coral reefs, Amer. Journ. Sci., ser. 4, vol. 35, 
pp. 173-188, 1918; The home study ofcoral reefs, Amer. Geogr. Soc. Bull., vol. 46, pp. 561-577, 641-654, 721-739, 
1914; A Shaler memorial study of coral reefs, Amer. Journ. Sci., ser. 4, vol. 40, pp. 223-271, 1915; Problems 
associated with study of coral reefs, Scientific Monthly, vol. 2, pp. 213-333, 479-501, 557-512, 1916, Also 
several short articles in Nat. Acad. Sci. Proc., vols. 1, 2, 1915-1917. 

2 Daly, R. A., The glacial-control theory ofcoral reefs, Amer, Acad. Arts and Sci., vol. 51, pp. 157-251, 1915. 

3 Darwin, C. R., Structure and distribution of coral reefs, ed. 3, fig. 5, p. 134, fig. 6, p. 137, 1899. 

4 Dana, J. D., Corals and coral reefs, ed. 3, pp. 263, 267, 1890, 
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upward at such a rate that its top remains near the surface of the 
water and through retreat of the shore it is converted into a barrier. 
Continued subsidence, where the inclosed land area is an inland, 
may result in the production of an atoll circumscribing a lagoon 
without any land mass projecting above the water level. But this 
is not all, The Darwinian hypothesis involves more than mere 
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Fic. 4. Copy oF DARWIN’S FIGURE ILLUSTRATING CONVERSION OF A FRINGING INTO A BARRIER REEF, 
ACCORDING TO HIS HYPOTHESIS. AA—OUTER EDGE OF THE REEF AT THE LEVEL OF THE SEA. BB— 
SHORES OF THE ISLAND. A’A’—OUTER EDGE OF THE REEF, AFTER ITS UPWARD GROWTH DURING A 
PERIOD OF SUBSIDENCE. CC—THE LAGOON-CHANNEL BETWEEN THE REEF AND THE SHORES OF THE 
NOW ENCIRCLED LAND. .B’B’—THE SHORES OF THE ENCIRCLED ISLAND. N. B.—IN THIS, AND THE 
FOLLOWING CUT, THE SUBSIDENCE OF THE LAND COULD ONLY BE REPRESENTED BY AN APPARENT RISE 
IN THE LEVEL OF THE SEA. 


subsidence and the conversion of a fringing into a barrier reef. It 
also attempts to account for extensive submarine platforms by 
assuming that they have been built upon sloping basements through 
agencies dependent on the presence of reefs. (See text-figs. 4, 5, 6.) 
Dana’s interpretation | is essentially that of Darwin. 
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Fig. 5. Copy OF DARWIN’S FIGURE iLLUSTRATING CONVERSION OF A BARRIER REEF INTO AN ATOLL, AC. 
CORDING TO HIS HYPOTHESIS. A’A’—OUTER EDGES OF THE BARRIER-REEF AT THE LEVEL OF THE SEA, 
THE COCOA-NUT TREES REPRESENT CORAL-ISLETS FORMED ON THE REEF. CC—THE LAGOON-CHANNEL. 
B'B’—THE SHORES OF THE ISLAND, GENERALLY FORMED OF LOW ALLUVIAL LAND AND OF CORAL DETRI- 
TUS FROM THE LAGOON CHANNEL. A’’A’’—THE OUTER EDGES OF THE REEF, NOW FORMING AN ATOLL. 
C’—THE LAGOON OF THE NEWLY FORMED ATOLL. ACCORDING TO THE SCALE THE DEPTH OF THE LAGOON 
AND OF THE LAGOON CHANNEL IS EXAGGERATED. 


That Darwin considered an alternative hypothesis is shown by the 
following quotation: 


I may here observe that a bank either of rock or of hardened sediment, level with 
the surface of the sea and fringed with living coral, would be immediately converted 
into an atoll, without passing, as in the case of a reef fringing the shore of an island, 
through the intermediate form of a barrier reef. 


1 Corals and coral islands, ed. 3, figs. pp. 263, 267, 1890. 
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He adds, however, 


* * ¥* butas we have secn, the larger groups of atolls in the Pacific and Indian 
Oceans have not been formed on banks of this nature. ! 


>> 
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Fig. 6. REPRODUCTION OF J. B. JUKES’ SECTION ACROSS THE GREAT BARRIER REEF OF AUSTRALIA. a. 
SEA OUTSIDE THE- BARRIER, GENERALLY UNFATHOMABLE, b. THE ACTUAL BARRIER. Cc. CLEAR CHAN- 
NEL INSIDE THE BARRIER, GENERALLY ABOUT 15 OR 20 FATHOMS DEEP. d.THEINNER REEF. ¢. SHOAL 
CHANNEL BETWEEN THE INNER REEF AND THE SHORE. F. THE GREAT BUTTRESS OF CALCAREOUS ROCE, 


FORMED OF CORAL AND THE DETRITUS OF CORALS AND SHELLS. G. THE MAINLAND, FORMED OF GRANITES 
AND OTHER SIMILAR ROCKS. 


The first important protest against the Darwinian explanation 
was by Carl Semper,? who, in 1863, after studies in the Pelew Islands, 
advanced the hypothesis that atolls could be formed in areas of 
elevation by the solution of the imterior of preexistent limestone 
masses, and that solution, erosion by currents, and wavye-cutting 
could develop platforms behind fringing reefs, thus transfotming a 
fringing into a barrier reef. 

3. Murray* introduced the idea of banks bemg built upward 
by showers of the remains of pelagic organisms until the bathymetric 
zone of reef-forming organisms is reached, and he called attention to 
the cutting of volcanic islands down to wave base. His theory has 
been briefly summarized by himself in the followmg words:* 

That when coral plantations build up from submarine banks they assume an atoll 
form, owing to the more abundant supply of food to the outer margin, and the removal 
of dead coral rock from the interior portions by currents and by the action of the 
carbonic acid gas dissolved in sea-water. 

That barrier reefs have been built out from the shore on a foundation of volcanic 
débris or on a talus of coral blocks, coral sediment, and pelagic shells, and the lagoon 
channel is formed in the same way as a lagoon. 

That it is not necessary to call in subsidence to explain ony of the characteristic 


features of barrier reefs or atolls, and that all these features would exist alike in areas 
of slow elevation, of rest, or of slow subsidence. 


4. H. B. Guppy in 1890 published the following important opinion 


regarding the relations of barrier reefs to submarine plateaus or 
ledges?’ 


I have now gone far enough to establish the probability, judging from the instance of 
the Australian Barrier-reef, that reefs of this class are in reality, and not in appearance, 


1Structure and distribution of coral reefs, ed. 3, pp. 138, 139. 

2 Semper, Carl, Reisebericht, Zeitsch. ftir wiss. Zoologie, vol. 13, pp. 563-569, 1863. 

3 Murray, John, On the structure and origin of coral reefs and islands, Roy. Soc. Edinburgh Proc., 
vol. 10, 1879-80, pp. 505-518, 1880. 

4 Idem, p. 517. 

5 Guppy, H. B., The origin of coral reefs, Victoria Inst. Journ. Trans., vol. 23, pp. 51-61, 1890. 
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situated on the border of a submarine plateau or ledge. Such a position, according 
to the explanation of barrier-reefs, first advanced by LeConte, and supported by 
myself, presents the most favorable conditions for reef growth, the corals being limited 
on the outside by the depth, and on the inside by the sediment in the water. The 
influences of food-supply and currents act subsequently as auxiliary causes. 

What, then, is the explanation of the submarine ledge? The supposition that it is 
a continuation of the land slope is at once negatived by the fact that the slope of the 
land in the reef-encircled islands of the Pacific is usually 6 degrees or 7 degrees, some- 
times only 3 degrees or 4 degrees, but often as much as 10 degrees, or 12 degrees, whilst 
the submarine ledge, when stripped of reefs and defined by the 100-fathom line, would 
possess a scarcely recognizable inclination, represented by a fraction of a degree. 
It will be found, however, when we examine the contour of such an island as Vanikoro, 
that the distance of the barrier-reef from the coast may vary according to the slope of 
the land. Thus, on the west side of this island, the average angle of the land slope is 
6 degrees, and the distance of the barrier reef about 24 miles. On the north side the 
inclination of the land is between 11 degrees and 12 degrees, and the barrier reef is 
rather over a mile distant. Thisis just what we should expect. The more gradual the 
land slope, the broader will be the submarine ledge, cut out in the course of ages by 
the action of the sea, and the more distant will be the barrier reef that has grown up 
along its margin. This I believe to be the true explanation of the position of barrier 
reefs. A submarine ledge is in the first place necessary; and, since the sediment and 
mud in the shallower waters on the ledge repress the growth of corals, reefs will 
naturally spring up toward the margin of the ledge, where the water is clearer and 
where the depth is within that of the reef-coral zone.) 

5. Admiral Sir W. J. L. Wharton? explained the uniform depth of 
atoll lagoons, whose edges are in various degress encircled by growing 
coral, by considering that the corals grow upon foundations that are 
the bases of volcanic islands that have been reduced by wave action 
to wave base. 

6. Alexander Agassiz * found older limestone under the recent reefs 
in many areas investigated by him. He explained atolls by the solu- 
tion and erosion of the interior of preexisting limestone masses and 
ascribed the formation of the platforms of barrier reefs to marine 
erosion without change of sea level. 

7. Andrews ‘ pointed out that the platform of the Great Barrier 
Reef of Australia has been submerged at a relatively recent date and 
that it continues southward beyond the reef, and he inferred that only 
a minor part of the platform is “‘formed of coral growth.”’ 

8. The opinions of Stanley Gardiner? are closely in accord with those 
of Semper, Murray, Wharton, and Agassiz. According to him sub- 
marine planation is effective to depths as great as 200 fathoms. 


1 Guppy, H. B., The origin of coral reefs, pp. 60, 61. 

2 Wharton, W. J. L., Foundations of coral atolls, Nature, vol. 55, pp. 390-398, 1897. 

8 Agassiz, Alexander, The Coral reefs of the Tropical Pacific, Mem. Mus. Comp. Zool., vol. 27, 1 vol. of 
text, 3 vols. of pls., 1903. . 

4 Andrews, E. C., Preliminary ncte on the geology of the Queensland coast with references (to the 
geography of the Queensland and N.S. Wales Plateau, Proc. Linn. Soc. New South Wales, pt. 2, pp. 146- 
185, 1902. 

5 Gardiner, J. Stanley, The formations of the Maldives, Geographical Journal, pp. 277-296, March, 1902; 
Fauna and geography of the Maldive and Laccadive Archipelagoes, pp. 182, 183, 1901-3. 
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9. Hedley and Griffith Taylor! accepted Andrews’s interpretations 
and clearly showed that coral reefs of either atoll or linear form that 
rise above shallow platforms owe their shapes to prevailing winds and 
currents. They say: 

This explanation differs from that of Sir J. Murray, who considers the atoll form to 
be assumed by abundant growth of well-fed corals on the margin and the solution of 
dead coral rock in the interior. But if solution be so destructive, how can a reef iorm 
at all?? 

10. According to Daly* the depths in the drowned valleys within 
barrier reefs, in barrier-reef lagoons, and in atoll lagoons in the Pacific, 
are closely accordant and he attributes this accordance to Recent rise 
of sea level subsequent to deglaciation, whereby the depth of water 
in the Tropics was increased some 33 to 38 fathoms, thus submerging 
antecedent platforms of marine planation. That glaciation and 
deglaciation effect the development of living reefs did not originate 
with Daly, but it is principally he who has elaborated the hypothesis. 
He gives in his papers an account of the earlier suggestions. 

11. Wood Jones‘ considered sedimentation the critical factor in 
coral-reef theory, as corals grow only where there is comparatively 
little deposition of sediment. He accepts the conclusions of Hedley 
and Griffith Taylor on the importance of winds and currents in shap- 
ing atolls, and especially attacks the hypothesis of ‘‘a deepening or — 
widening of the lagoon by a process of ‘solution’.”’ 

Although the results of my own investigations will be elaborated 
on subsequent pages, the following summary statement may here be 
made: I have greatly multiplied the evidence in favor of Recent 
submergence in the coral-reef areas in the western Atlantic, the Gulf of 
Mexico, and the Caribbean Sea, and have shown that the living off- 
shore reefs in those areas formed either during or after submergence 
and are growing on submerged basement platforms where conditions 
are favorable for the life of reef-forming corals. The platforms are 
continuous beyond the limits of the reefs and their existence is in no 
wise dependent upon the presence of reefs. 

I have also shown that the great Florida Plateau has existed as a 
plateau since at least late Eocene time; and that some of the West 
Indian platforms are about as old. As these plateaus existed previous 
to Pleistocene time they could not have been formed by marine plana- 
tion during Pleistocene glaciation. Whatever be the cause of shift 
in position of strand line, off-shore reefs form on shallow submarine 
flats during or after rise in sea level, provided the rate of movement 
be not too rapid. This explanation applies to the fossil reefs of 


1 Hedley, C., and Taylor, T. Griffith, Coral reefs of the Great Barrier, Queensland, Australasian Assoc. 
Adv. Sci., Adelaide Meeting, pp. 397-413, 1907. 

2 Tdem., p. 407. 

3 Daly, R. A., Pleistocene glaciation and the coral-reef problem, Amer. Journ. Sci., ser. 4, vol. 30, pp. 
297-308, 1910; The Glacial-control theory of coral reefs, Amer. Acad. Arts and Sci., vol. 51, pp. 157-248, 1915. 

‘Jones, F. Wood, Corals and Atolls, London, 1910. 


246 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


Florida and the West Indies as well as to the reefs living to-day. 
I have pointed out that there are in the Virgin and northern Leeward 
Islands and off the shores of Central America certain submarine 
terrace flats, one at a depth of about 17 to 20 fathoms, another at a 
depth of about 26 to 30 fathoms, the deeper flat being separated from 
the shallower by an escarpment. These relations accord with the 
demands of the Glacial-control theory as expounded by Daly. 


TESTS OF CORAL-REEF HYPOTHESES. 


The tests of the theories comprise ascertaining the answers to the 
following questions: 

1. Were the important coral reefs of the world formed during or 
after the submergence of their basements, either by a sinking of the 
land or by a rise of ocean level due to some world-wide cause ? 

2. What is the réle of corals as constructional geologic agents ¢ 
What percentage of the sediments around coral reefs is composed of 
corals, and is the flat area between a barrier reef and the shore due 
to infillg behind the reef or was there a shallow marginal flat before 
the reef formed ? 

3. Can a lagoon channel behind a barrier reef or the lagoon within 
- an atoll rim be formed by submarine solution by sea water or by 
submarine scour ? 

4, What and how much effect have wind-induced and other cur- 
rents in shaping coral reefs ? 

5. What effect have glaciation and deglaciation had on the 
development of living coral reefs ? 

Before considering the fossil and living coral reefs of the West 
Indies in their bearing on the answers to these questions, some of 
the more important criteria to be used in answering the questions 
will be briefly outlined. 


CRITERIA FOR RECOGNIZING SHIFT IN THE POSITION OF STRAND LINE. 


The criteria for recognizing elevation of a former strand line 
comprise: (a) Coastal terraces bordered inland by escarpments or 
cliffs that may be inferred to owe their origin to wave cutting; 
(b) wave-cut grooves in cliffs and sea caves that stand too high to 
have been formed at present sea level; (c) elevated beaches or bars, 
which under proper conditions form on shallow marine terraces and 
at the mouths of embayments; (d) the presence above sea level of 
organisms that must have lived in the ocean. 

The criteria for recognizing submergence of former strand lines 
comprise: (a) Indentation of the coast line caused by the sea invad- 
ing the lower parts of subaerially eroded valleys, the channels of 
which in many instances are preserved below sea level across and 
beyond the existing strand line; (6) the presence below sea level of 
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submarine flats separated by relatively steep slopes or escarpments, that 
are due either to marginal wave cutting by the sea or are due to the 
formation of a subaqueous profile above a previous profile;' (c) the 
presence, especially in limestones, below sea level, of solution wells, 
pits, and caverns that inferentially were formed subaerially by the 
solvent action of fresh water; (d) the presence inland of free openings 
that connect with the sea, showing that there are underground 
channels by which ground water formerly flowed to the sea; (e) the 
presence of submerged peat bogs or swamp deposits composed of 
plants that grow only at or above sea level; (f) the presence below 
sea level of indurated limestone, the induration of which is due to 
solution of some of the original material and subsequent redeposi- 
tion? (g) erosion unconformities at the bases of marine formations, 
showing that there was subaerial erosion of the basement previous 
to the submergence during which the formation was deposited or 
accumulated in the sea. 

The foregoing statements might be elaborated, but to do so seems 
unnecessary. The criteria enumerated are those I have actually 
used in my own work. 

Besides ascertaining the proper succession of changes in the posi- 
tion of strand line, it is essential that the amount of the oscillations 
be measured, that differential crustal movements be noted and dated, 
and that an estimate be made of the endurance of the strand line in 
its relation to present sea level. 

CRITERIA FOR MEASURING THE AMOUNT OF VERTICAL SHIFT IN STRAND LINE, 
AND FOR DETERMINING THE RELATIVE AGES OF TERRACES AND THE PHYSIO- 
GRAPHIC STAGE ATTAINED BY A SHORE LINE. 

The criteria for estimating the exact amount of rise or fallof sealevel 
are not yet definite, because adequate study has not been made of 
the factors that determine effective wave base and of the depth to 
which effective wave cutting extends. Notwithstanding this inade- 
quacy of precise information, an approximation of the amount of 
change may be made. In the case of elevation, the base of a wave- 
cut escarpment or cliff, the flats of marine terraces, and wave-cut 
grooves on sea cliffs, may be assumed to represent approximately 
former sea level. Approximate measures of the amount of sub- 
sidence may be based upon the depth of drowned valleys, the depth 
below sea level of the bottoms of submerged solution wells and 


1 For discussions of this subject see as follows: 

Barrell, Joseph, Factors in movement of the strand line, Washington Acad. Sci. Journ., vol. 12, pp. 413- 
420, 1915; Factors in movements of the strand line and their results in the Pleistocene and Post-Pleisto- 
cene, Amer. Journ. Sci.,ser. 4, vol. 40, pp. 1-22, 1915. 

Vaughan, T. W., Some littoral and sublittoral physiographic features of the Virgin and northern Lee- 
ward Islands and theirbearing on the coral reef problem, Washington Acad. Sci. Journ., vol. 6, pp. 
53-66, 1916. 

2 The fundamental principle of this criterion is discussed on p. 250, under the caption “Solubility of cal- 
cium carbonate in sea water.” 
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~eaverns, and the depth to which peat or swamp deposits that were 

formed at or above sea level are submerged. Where there are recog- 
nizable submerged wave-cut scarps, the depth of the base of the 
scarp below sea level is nearly a measure of the amount of sub- 
mergence; the depth in the West Indies in some instances probably 
exceeds the amount of submergence by about 6 fathoms. In the 
case of islands that rise from a common platform and which biologic 
and other data show were once parts of one land mass, the depth of 
water on the common platform may be assumed to be an approxi- 
mate measure of the amount of the rise of sea level with reference to 
those islands. 

The criteria for determining the relative ages of elevated terraces 
with reference to each other and for determining the amount of 
deformation to which they have been subjected are as follows: (a) 
Relative height; (>) relative amount of dissection; (c) relative degree 
of inclination and direction of the slope of the terrace flats; (d) pres- 
ence or absence of a succession of higher and lower terrace flats on 
promontory tips and in places protected from vigorous marine cut- 
ting; (e) stratigraphic relations of terrace deposits. 

Estimates of the endurance of the present relation of sea level 
to strand line are based upon recognizing the stage of physiographic 
development of the shore line. Among the important features to 
be observed are the presence or absence and the character of sea 
cliffs bordering the shore; the amount of delta and alluvial plain 
building at the mouths of stream ways; the character of beaches, bars, 
and spits; the nature and extent of the alluvial deposits back from 
the shore; the profiles of valley sides; and the axial profiles of the 
streams. 

CRITERIA FOR ASCERTAINING THE ROLE OF CORALS AS CONSTRUCTIONAL 
AGENTS, 

The failure correctly to evaluate corals as geologic agents has beeu 
a defect of nearly all investigations of the so-called coral-reef prob- 
lem; in fact, usually no attempt has been made to make such an 
evaluation. This evaluation may be made in several ways, which 
are as follows: (a) In studying fossil reefs exposed to view, the 
relative proportion of coral to other constituents of the rock should 
be estimated; (6) in studying marine bottom samples, percentage 
estimates of the proportion of the different ingredients should be 
made; (c) for submerged platforms on which reefs grow, the area 
of the reefs should be compared with the total area of the platform, 
an effort should be made to ascertain the nature of the rock under- 
lying the sea floor between the reef and the shore, and the continuity 
in outline of the platform should be compared with the extent and © 
position of the reefs; (d) knowledge of the growth rate of corals, 
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when the relative frequency of specimens is known, permits an 
estimate of the rate of their constructional work. 

This subject as a part of the problem of the formation of coral reefs 
possesses an importance that can scarcely be overestimated, for it 
comprises critical tests of both the Darwinian and the glacial-control 
hypotheses. The topics in the foregoing list will be discussed seriatim. 

(a) Estimate of the relative quantity of coral to other constituents 
m emerged formations containing reefs, if they have not been exten- 
sively recrystallized, is relatively simple, although great precision in 
quantitative expression is not to be expected. This topic will be 
further considered in discussing the Caribbean, Floridian, and Baha- 
man fossil reefs. 

(b) Percentage estimates of material according to source are 
difficult, but the results are of great value. The technique of making 
such estimates is described in a memoir recently published by the 
Carnegie Institution of Washington.! 

(c) Here it should be emphasized that one of the postulates of the 
Darwinian hypothesis is that the prism of material included between 
three surfaces, namely, (1) the sea-bottom landward of the barrier, 
(2) asurface assumed as an extension of the land slope under sea until 
it intersects (3) a surface projected downward from the landward 
face of the reef, is due to the presence of the reef (see figure 4, page 
242). Proof that a barrier has formed during or after submergence 
does not carry with it proof that the prism of material above indi- 
cated is due to the presence of the reef. 

There are at least three criteria that can be applied in deciding 
whether or no the flat between the reef and the shore exists inde- 
pendently of the reef. They are as follows: (1) If the flat is de- 
pendent on the presence of the reef, where there are breaks in the 
barrier tongues of deep water should extend landward across the 
shallow bottom of the flat behind the reef; and where there is no reef 
there should be either a normal profile of equilibrium or an approach 
to such a profile, showing a deeper flat than that behind the reef, be- 
cause of the absence of an off-shore wall behind which sediment. 
could accumulate; but if the flat is independent of the reef, in general 
it should be continuous irrespective of the presence of the reef and 
shouldin places extend beyond the reef limits. (2) If the formation 
of the flat is dependent on the presence of the reef, the reef should 
stand on the seaward edge of the flat, that is, the flat should not project 
seaward beyond the reef. (3) It is often possible to discover the 
nature of the rock forming the sea floor between a barrier and the » 


1 Vaughan, T. W., in collaboration with Cushman, J. A., Goldman, M. I., Howe, M. A., and others, 
Some shoal-water bottom samples from Murray Island, Australia, and comparisons of them with samples 
from Florida and the Bahamas, Carnegie Inst. Washington Pub, 213, pp. 235-297, pls. 94-98, 1918. See 
especially the article by M. I. Goldman, Composition of two Murray Island samples according to source of 
material, pp. 249-282. 
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shore. Such a floor if formed by agencies associated with the pres- 
ence of the reef will not be composed of rock demonstrably older 
than the reef, and will not exhibit geologic phenomena that in age 
clearly antedate the reef; but if it can be shown that the rock of the 
floor is older than the reef and that the floor has had a geologic his- 
tory antecedent to the formation of the reef, it is demonstrated that 
the reef is merely growing on the surface of a flat whose formation 
is entirely independent of the reef development. 

(d) The growth rate of corals, which furnishes one of the checks 
to be applied to the Glacial-control hypothesis of the formation of 
living reefs, is further considered on pages 253, 254. 


SOLUBILITY OF CALCIUM CARBONATE IN SEA WATER. 


As the formation of lagoon channels behind barrier reefs and of 
atoll lagoons by the solvent action of carbon dioxide (CO,) dissolved 
in sea water is a part of the coral-reef hypotheses of Semper, Murray, 
A. Aggassiz, and Gardiner, if lagoons and lagoon channels have been 
formed in the way indicated, in the Tropics the surface waters of 
the ocean should contain an excess of carbon dioxide (CO,) and 
should exercise a demonstrable solvent effect on calcium carbonate 
(CaCO,). If it should be found that there is no excess of carbon 
dioxide (CO,) in such water and that the water is saturated with 
reference to calcium carbonate (CaCO,), the hypothesis of the forma- 
tion of lagoons and lagoon channels in the manner postulated by 
Murray and others must be definitely abandoned. 

In 1913, Mr. R,. B. Dole undertook at Tortugas, Florida, certain 
examinations that were intended to solve this problem, if possible. 
In 1914 I summarized in the following words the results I had ob- 
tained from a study of the bottom samples along the Florida reef 
tract, those of Drew on dentrifying bacteria, and those of Dole on 
the chemistry of the waters.! 

There are two rival hypotheses for the formation of atolls: One of these attributes 
them to the submarine solution of the interior of a mass of limestone, the other ac- 
counts for them by constructional agencies. In order thoroughly to test the solution 
hypothesis the results of four lines of investigation were brought to bear upon it, 
and all are accordant. (1) All the bays, sounds, and lagoons within the Florida reef 
and key region are filling with sediment; (2) Drew’s investigations of dentrifying 
bacteria show that chemical precipitation of calcium carbonate is taking place in 
the lagoons; (3) the chemical examination by R. B. Dole of samples of sea water 
flowing into and out of Tortugas lagoon, collected twice daily for a lunar period, show 
that although both carbonate and bicarbonate radicles are in solution uncombined 
carbon dioxide is not present, and that the water possesses no capacity for further 
solution of calcium carbonate by virtue of its content of free carbon dioxide; (4) the 
determinations by Dole of the salinity of the water within the Tortugas lene and 
at the southern end of Biscayne Bay show a higher concentration than that in the 
open sea water on the outside, indicating that tidal inflow and outflow are not suffi- 
cient completely to mix the water in the lagoons with the water of the surrounding 


1 Wash, Acad. Sci. Journ., vol. 4, pp. 27-28, Jan. 19, 1914. 
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sea and that concentration by evaporation is taking place. As the results of these 
lines of inquiry are so positive, the formation of lagoons by submarine solution may 
be definitely eliminated from consideration. 

Since the publication of this statement other investigators have 
made important contributions to this subject, noteworthy among 
whom are John Johnston, H. E. Merwin, and EH. D. Williamson, of 
the Geophysical Laboratory of the Carnegie Institution of Wash- 
ington, and Roger C. Wells, of the United States Geological Survey. 
Wells says: * 

In other words, sea water [from the Florida reef] appears to contain so much car- 


bonate that in contact with the atmosphere at 1° C. it neither has nor acquires an 
appreciable solvent action on calcite. 


As I have considered the subject in detail in my paper on the 
Murray Island bottom-samples? and in a paper on “‘Chemical and 
organic deposits of the sea’’* I will merely say that sea water in 
shoal-water areas within the Tropics can not dissolve calcium car- 
bonate, and that lagoon channels and atoll lagoons are not formed 
by solution, but are flattish areas more or less completely inclosed by 
built-up walls. 

As lagoons are areas of sedimentation and not of removal of 
material, their formation by submarine scour may also be discarded. 


EFFECTS OF WIND-INDUCED AND OTHER CURRENTS IN SHAPING CORAL REEFS, 


This is an old topic; in fact, considerable bibliographic work 
would be needed to ascertain the names of all the investigators who 
have contributed to it and who deserve mention. ‘That Darwin at 
least had an adumbration of the importance of these agents is indi- 
cated by his statement regarding Keeling atoll: * 

That they [the waves] beat against it in the same peculiar manner in which the swell 
from windward now obliquely curls round the margin of the reef, was evident from the 


conglomerate having been worn in to a point projecting from the beach in a similarly 
oblique manner. 


Among recent investigators Hedley and Griffith Taylor, as noted 
on page 245, Wood Jones,® and I, in a number of my papers, two 
of which are cited below,® have devoted attention to this subject. 
During the field season of 1914 I had numbers of Ekman meter 
current-measurements made around Tortugas and at other places 
along the’ Florida reef tract. The measurements to a certain degree 


1 Wells, R. C., The solubility of calcite in sea water in contact with the atmosphere, and its variation 
with temperature, Carnegie Inst. Washington Pub. 213, pp. 316-318, 1918. 

2 Carnegie Inst. Washington Pub. 213, pp. 265-268, 1917. 

2 Geol. Soc. Amer. Bull., vol. 28, pp. 933-944, 1918. 

4 Structure and distribution of coral reefs, ed. 3, p. 22, 1889. 

5 Coral and atolls, pp. 253-261, 1910. 

6 The building of the Marquesas and Tortugas atolls and a sketch of the geologic history of the Florida reef 
tract, Carnegie Inst. Washington Pub. 182, pp. 55-67, 1914; Sketch of geologic history of the Florida coral- 
reef tract and comparisons with other coral-reef areas, Washington Acad. Sci. Journ., vol. 4, pp. 26-34, 
1914, 
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give quantatively the relations of currents to land forms, and com- 
pletely confirm the more qualitative generalizations of Hedley and 
Griffith Taylor, which in brief are the axis of elongation of linear reefs 
is parallel to the direction of the dominant current while the bow of 
a crescentic reef is directed toward the direction whence the dominant 
current comes. These relations of reef form to current direction are 
most striking where the reefs rise above comparatively shallow plat- 
forms, as along the Great Barrier reef of Australia and along the 
Florida Keys. In atolls that more or less encircle the flat tops of 
submarine peaks, although currents are undeniably important in, 
shaping sections of the reefs, they are not of so great importance as 
reefs that rise above shallow, long, wide platforms. 

CRITERIA FOR DETERMINING THE EFFECT OF GLACIATION AND DEGLACIATION 

ON THE DEVELOPMENT OF LIVING REEFS. 

Daly’s elaborate paper on the Glacial-control theory of coral reefs 
has been cited on page 245. If the Glacial-control theory is true the 
following conditions should prevail: (a) There should be evidence of 
geologically Recent submergence of most of the shore-lines of the 
earth; (b) the average amount of submergence should be equal to the 
amount of lowering of the ocean-level during Pleistocene glaciation; 
(¢) the position of the strand line during Pleistocene glaciation should 
be indicated by scarps separating flats, and the amount of sub- 
mergence indicated by their present position below sea level should 
agree with the amount of raising ocean level due to deglaciation; 
(d) rate of growth corals should be such that since the disappearance 
of the continental ice sheets coral reefs could grow to a ‘thickness 
equal to the amount sea level was raised as a result of the deglaciation; 
(e) living barrier coral reefs and atoll reefs should be superposed on 
antecedent basement flats or platforms. It should here be stated 
that the fact that there has been local differential crustal movements 
does not at all invalidate the importance of the Glacial-control theory 
in its application to the explanation of the modern coral-reef develop- 
ment. 

Of the criteria stated in the foregoing list only the amount of 
vertical change in the position of sea level because of glaciation and 
deglaciation, the length of time since the disappearance of the great 
continental glaciers, and the rate of growth of corals need discussion 
at this place. After their consideration some attention will be given 
to other criteria of less determined value. 

AMOUNT OF VERTICAL DISPLACEMENT OF STRAND LINE BY GLACIATION AND DEGLACIATION. 

It is entirely obvious that the withdrawal of water from the ocean 
to form the Pleistocene continental glaciers would lower sea level, 
and that the return of the waters so locked up to the ocean upon the 
melting of the continental glaciers would raise sea level back to where 
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it stood previous to the formation of the continental glaciers, unless 
crustal changes in the earth counterbalanced the effects of such with- 
drawal and return of oceanic water. Reference here will be made 
to only the two latest computations. 

W. J. Humphreys, as part of a symposium before the Geological 
Society of Washington, on March 24, 1915, said:! 


The fact that the average thickness of the ice cap during the last glaciation can be 
only roughly estimated renders any calculation of its effect on ocean level corre- 
spondingly doubtful. It does not seem probable, however, that they should have 
averaged much if any thicker than the present caps of Greenland and of Antarctica, 
which a number of good observers have estimated to be about 1,000 meters. Taking 
this value and assuming the deglaciated area to be equal to one-fifteenth the area of 
the ocean, or, roughly, twice the glaciated area of North America, we estimate the 
change in sea level to have been about 67 meters. As already stated, this is only 
an estimated change, but perhaps it is a conservative estimate. 


Daly in his paper on the Glacial-control theory of coral reefs sum- 
marizes his discussion in the following words:? 
Combining results, it is seen that, at the time of maximum glaciation, the tropical 


seas probably had an average level which was 60 to 70 meters (33 to 38 fathoms) lower 
than at the present time. 


The estimates of Humphreys and Daly are essentially the same. 

As maximum glaciation was probably not of long duration the 
greatest effect of submarine terracing would be expected in some- 
what shallower depths, probably between 20 and 30 fathoms. 


RATE OF GROWTH OF CORALS AND LENGTH OF POST-GLACIAL TIME. 


Recently I have published two summaries of the results of my 
experiments and observations on the growth rate of Floridian and 
Bahamian corals, and compared my results with those obtained by 
investigators in the Pacific? The following statements are taken 
from the second of the papers referred to in the footnote: 


As has been stated, the primary object of this investigation was to get an approxi- 
mate measure of the rate at which corals might build reefs. In order to make this 
estimate the true reef corals must be considered separately from those which live in 
other habitats. The reef species par excellence in the Recent and Pleistocene reefs of 
Florida and the West Indies is Orbicella annularis,; after it in importance are Maean- 
dra strigosa, M. labyrinthiformis, and Siderastrea siderea. Other corals, the most impor- 
tant of which is Porites astreoides, with Agaricia and Favia fragum of secondary 
importance, occur in the areas intermediate between the prominent heads. In some 
areas Acropora palmata is the dominant species. The massive heads form the strong 
framework of the reef, with infilling by other corals and other organisms. Therefore 
the upward growth rate of Orbicella annularis on the reef is critical. * * * 


1 Humphreys, W. J., Changes of sea level due to changes of ocean volume, Washington Acad. Sci. 
Journ., vol. 5, pp. 445-446, June 19, 1915. 

2 Amer. Acad. Arts and Sci. Proc., vol. 51, p. 174. 

3 Vaughan, I’. W., Geologic significance of the growth-rate of the Floridian and Bahaman shoal-water 
corals, Washington Acad. Sci. Journ., vol. 5, pp. 591-600, 1915; Growth rate of the Floridian and Bahaman 
shoal-water corals, in On Recent Madreporaria of Florida, the Bahamas, and the West Indies, etc., 
Carnegie Inst. Washington Yearbook No. 14, pp. 221-231, 1916. 
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Using these figures [in the paper referred to] as the basis of a further computation, 
a reef by the continuous upward growth of corals [Orbicella annularis] might attain 
at a rate of 6 mm. a year a thickness of 25 fathoms=150 feet in 7,620 years; and ata 
rate of 7 mm. a year it might attain the same thickness in 6,531 years. 

Should the growth rate of Acropora palmata be taken as a measure, the time to 
accumulate such a thickness would be considerably less. This species forms spread- 
ing, palmate fronds, rising from stout bases. As age advances the fronds thicken and 
can withstand the pounding of surf and breakers. The average upward growth is 
between 25 and 40 mm. per year, but as the interspaces between the fronds are con- 
siderable in volume, comparisons with Orbicella annularis must be based upon relative 
increases in weight for a known period. * * * 

These two estimates [as shown in the paper cited] give a measure of the limits of 
reef formation under continuously favorable conditions for upward growth. Such 
corals as Orbicella annularis might form a reef 150 feet thick in between 6,500 years 
and 7,600 years; while such corals as Acropora palmata might form a similar thickness 
in 1,800 years. 

* * * * * * * 

The data available for the Pacific corals are not so abundant as those for the Atlantic, 
nor have the records, with few exceptions, the same degree of precision. However, 
they are sufficient for some general comparisons. The general growth rate of branching 
corals is nearly the same for both regions; but the growth of the massive forms in the 
Pacific appears to be appreciably more rapid than that of similar forms in the Atlan- 
tic. Therefore it seems probable that in the coral reef regions of the Pacific and Indian 
oceans a reef 150 feet thick may form under favorable conditions in less than 6,000 
years. According to Gardiner such a reef might form in 1,000 years. 

As the disappearance of the last continental ice sheets is estimated to have been 
between 10,000 years ago in Scandinavia and Alaska and 40,000 years ago at Niagara, 
the data presented show that there has been ample time for the development of any 
known living reef since deglaciation. 


EFFECT O¥ LOWERING OF MARINE TEMPERATURE ON REEF CORALS DURING GLACIATION. . 


Daly in his paper on the Glacial-control theory devotes much atten- 
tion to the probable extinction of reef corals over large areas and 
their restriction to only the hotter parts of the ocean during glacia- 
tion.! Daly’s discussion of this subject is interesting and suggestive, 
‘but not really convincing. It is one on which far more research is 
needed. I rather hope that the data I have recently presented in 
my paper on the temperature of the Florida coral-reef tract? will aid 
in furnishing a basis for such a computation. That there was a 
_ lowering of the vitality of corals over large areas marginal to tropics 
ean scarcely be doubted, but that reef corals thrived throughout 
Pleistocene time appears more than merely probable. 

In this connection this following list of corals from the elevated reefs 
of Barbados is pertinent. Professor Jukes-Browne sent the collection 
to me after Prof. J.W. Gregory had published his paper on the Bar- 
badian elevated-reef corals? making the statement that great care 
had been taken in determining the height above sea level at which 


1 Amer. Acad. Arts and Sci. Proc., vol. 51, pp. 166-171. 

2 Carnegie Inst. Washington Pub. 213, pp. 319-339, 1918. 

8 Gregory, J. W., Contributions to the paleontology and physical geography of the West Indies, Geol. 
Soc. London JourD., vol. 51, pp. 255-310, pl. 11, 1895. 
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each lot was obtained. The collection is now the property of the 
United States National Museum. 


Corals from the elevated reefs of Barbados submitted by Prof. A. J. Jukes- 


Browne. 


Elevation 1,043 feet. Horse Hill, St. Joseph. 
Orbicella annularis (Ellis and Solander). 
Elevation 845 feet. Cutting side of road, Parris Hill, St. Joseph. 
Orbicella annularis (Ellis and Solander). 
Elevation 747 feet. Cutting side of road, Market Hill, St. George. 
Orbicella annularis (Ellis and Solander). 
Elevation 720 feet. Russia Gully, St. Thomas. 
Orbicella annularis (Ellis and Solander). 
Maeandra labyrinth formis (Linnaeus). 
Elevation 707 feet. Haynesfield, St. John. 
Stephanocoenra intersepta (Esper) 
Orbicella annularis (Ellis and Solander). 
Manicina gyrosa (Ellis and Solander). 
Elevation 700 feet. St. Johns Church, St. John. 
Maeandra strigosa (Dana). 
Elevation 480 feet. Locust Hall, St. George. 
Stephanocoenia intersepia (Esper). 
Orbicella annularis (Ellis and Solander). 
cavernosa (Linnaeus). 
Siderastrea siderea (Ellis and Solander). 
Elevation 362 feet. Ridge, Christ Church. 
Siderastrea siderea (Ellis and Solander). 
EKlevation 360 feet. Small Ridge, Christ Church. 
Orbicella annularis (Ellis and Solander). 
Elevation 300 feet. Skeens Hill, near Lower Greys, Christ Church. 
Orbicella annularis (Ellis and Solander). 
Siderastrea siderea (Ellis and Solander). 
Elevation 300 feet. Dayrells Hill, St. Michael. 
Mamieina gyrosa (Ellis and Solander). 
Elevation 180 feet. Codrington Quarry, St. Michael. 
Orbicella annularis (Ellis and Solander). 
Mamieina gyrosa (Ellis and Solander). 
Hlevation 160 feet. Cutting side of road, Charles Rose gully, St. 
George. 
Maeandra labyrinthiformis (Linnaeus). 
Hlevation 100 feet. Chelston Quarry, St. Michael. 
Meandrina maeandrites (Linnaeus). 
Mancina gyrosa (Ellis and Solander). 
Siderastrea siderea (Ellis and Solander). 
Acropora muricata (Linnaeus). 
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Elevation 80 feet. Prospect, St. James. 
Stephanocoema intersepta (Esper). 
Orbicella annularis (Ellis and Solander). 
Maeandra labyrinthiforms (Linnaeus). 
Acropora muricata (Linnaeus) s. s. (as pebbles). 
Elevation 70 feet. Grazettes, St. Michael. 
Stephanocoenia intersepta (Esper). 
Orbicella annularis (Ellis and Solander). 
Maeandra labyrinthiformis (Linnaeus). 
Siderastrea siderea (Ellis and Solander). 
Elevation 40 feet. Sandy Lane, St. James. 
Orbicella annularis (Ellis and Solander). 
Maeandra labyrinthiformis (Linnaeus). 
Elevation 40 feet. Colleton, St. Lucy Parish. 
Maeandra strigosa (Dana). 

Elevation 20 feet. Black Rock. 

Acropora muricata (Linnaeus) s. s. 

Just how much of Pleistocene time is represented by this collection 
I can not say, but it is certainly a considerable part of it. 

Mr. O. E. Meinzer, in the vicinity of Guantanamo Bay, Cuba, ob- 
tained living species of reef corals on Pleistocene terraces between 400 
and 500 feet, at 275 feet, 200 feet, 125 feet, and 50 feet above sea level. 

It is unfortunate that Daly should have attempted to account for 
the disappearance in the West Indies of so large a percentage of genera 
that now persist in the Indo-Pacific by appeal to the lowering of the 
temperature in the western Atlantic Ocean through Pleistocene glaci- 
ation. In a recently published paper’, as well as the present one, I 
have shown that the genera had disappeared previous to Pliocene time. 

It is at present my opinion that not enough is known regarding the 
effect of lowering of marine temperature during glaciation to serve 
as a basis for very strong arguments for or against the validity of the 
Glacial-control hypothesis. 


VALLEY-IN-VALLEY ARRANGEMENT AND CLIFFED SPURS. 
Professor Davis says in his Shaler Memorial study of coral reefs: 


Furthermore, if the embayments of a central island within a barrier reef result from 
the drowning of valleys that were eroded with respect to lowered sea level of a relatively 
short glacial period, then each valley must be entrenched in the floor of a preglacial 
valley; and above the head of each embayment resulting from the drowning of a 
new-cut valley, there should be a ‘‘valley-in-valley” landscape, unless the pre- 
glacial valley was so young and narrow that its sides were undercut and destroyed by 
the deepening and widening of the glacial valley.” 


1 Vaughan, T. W., The reef-coral fauna of Carrizo Creek, Imperial County, California, and its significance, 
U.S. Geol. Surv. Prof. Pap. 98-T, p. 366, 1917. 
2 Amer. Journ. Sci., ser. 4, vol. 35, p. 240, 1915 
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The character of the entrenching within an established valley after 
lowering of sea level will depend upon the off shore slope of the sea 
bottom previous to the lowering of sea level. As any acceleration 
of headward erosion by a stream depends upon increase in steepness 
of the longitudinal profile of the stream bed, unless the gradient of 
the lower course of the stream is considerably increased there will 
be no visible valley-in-valley landscape after submergence following 
deglaciation. Subsequently I will show that in the West Indies there 
is abundant evidence of another kind that during Pleistocene time 
sea level was lowered, and that at the close of Pleistocene time it was 
raised. Valley-in-valley arangement is a criterion of very doubtful 
value. 

Professor Davis also insists that if the Glacial-control hypothesis 
is correct, the spurs of islands within barrier reefs should be cliffed— 
the cliffs cut during Pleistocene glaciation. As promulgated in print 
by Professor Davis, I doubt the validity of this criterion. Perhaps 
the following hypothetical explanation may apply in some instances: 

Around volcanic islands, the centers of which are far enough from 
the shore for the surface profile of the ejecta to have assumed the 
theoretic catenary curve, marine planation may proceed without at 
first cutting pronounced cliffs. If the material on the higher slopes 
is not greatly consolidated, alluviation and surface creep may deliver 
detritus more rapidly than the sea can remove it by marginal cutting 
and by undertow and other transporting agents. The seamay thus 
be held back from the interiorly situated harder volcanic rocks and 
the development of well-marked sea cliffs may thereby be prevented 
while the sea bottom would be aggraded near shore and a submarine 
flat produced. Should sea level then fall so that the shore line would 
shift to the outer edge of the previously formed flat, erosional processes 
might obliterate the low scarp carved into unconsolidated colluvial 
and alluvial material. Under such circumstances, should the sea- 
bottom gradient be less than that of the stream profiles, the lowering 
of sea level would not lead to the development of valleys-within- 
valleys, and alluvial plains might be pushed forward beyond the ends 
of the interstream spurs. Should sea level rise back to its former 
stand reef corals might establish themselves on the submerged flat 
at any place where the proper ecologic conditions might be found 
and develop into a barrier reef, off a land area on which there would 
be no valley-in-valley arrangement of stream courses and along whose 
shores there would be no cliffed spurs. This is an hypothetical in- 
stance, but that it is possible is apparently shown by the island of 
St. Christopher, West Indies, where such an arrangement of central 
volcanic mountains and relatively flat areas underlain by volcanic 
ejecta and colluvial and alluvial material intervene between them 
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and the shore. In other volcanic islands the sea may not be held 
back from the harder rocks and may cliff them. 

There are numbers of possibilities which deserve consideration, but 
the actual explanation of how present conditions were brought about 
is possible only through detailed field work in each area. 

Some other kinds of shore lmnes may be mentioned. It is well 
known that one of the important factors in determining the amount 
of cliffing and the character of the cliffing of some shores is geologic 
structure. In an uplifted island composed of bedded sediments 
which have been moderately tilted the highest cliffs will be on the 
up-dip side along the line of the strike; the cliffs will decrease in 
height from the up-dip exposure along the line of the dip, and on the 
side of the island where the rocks pass beneath sea level there may be 
almost no cliffs. These relations are well illustrated in Anguilla and 
other islands in the West Indies. After such an earth block has 
been outlined there may be oscillation of strand line without further 
local crustal deformation. 

The island of St. Croix is interesting in this connection. Just 
south of its north shore, which is determined by a fault, are maturely 
dissected mountains which attain an altitude of about 1,000 feet. 
Off the south foot of the highland is a sloping, shghtly undulatmg 
plain, underlain by limestone, which extends to the south coast, 
(See pl. 70, fig. D). If this island were submerged 120 feet the lime- 
stone plain would form a submarine flat from one to about three 
sea-miles wide. Corals might grow on such a flat and form a barrier 
reef inside which there would be no strongly cliffed spurs along the 
shore, while the mountains would be in a stage of mature dissection. 


AMERICAN TERTIARY AND PLEISTOCENE REEF CORALS AND CORAL REEFS. 


Most investigators of the genesis of coral reefs have considered 
only the modern; but the ancient, or fossil, reefs in many instances 
afford better opportunities than the living reefs to determine the 
geologic character of the basement on which the reefs have been 
built, the change in the relation between the reef basement and sea 
level, and the importance of corals as constructional agents. The 
southeastern United States and near-by West Indian Islands furnish 
numerous examples of both ancient and modern coral reefs, and 
these have been the subject of investigation for many years. The 
location of the Tertiary fossil reefs in the southeastern United States, 
their associated faunas, the inclosing sediments, including in most 
instances both the overlying and underlying strata, the stratigraphic 
relations of the successive geologic formations, the geologic structure, 
and the geologic history, have been ascertained with a fair degree 
of accuracy. The coralliferous beds range in age from the base of the 
_ Eocene to Recent, and the coral fauna of each geologic formation is 
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known with approximate completeness. The total coral faunas have 
yielded some hundreds of species. 


EOCENE REEF CORALS OF ST. BARTHOLOMEW. 


The corals obtained from the St. Bartholomew limestone are listed 
on page 194. Although there are many specimens and species of reef 
facies, they scarcely form a reef properly speaking. However, the 
stratigraphic relations are interesting. The best collecting ground 
is on the northeast face of the northwestward projecting limb of the 
island, between Anse Lézard at the northwest and Jean Bay at the 
southeast. Anse Ecaille lies between the two bays mentioned. 
Cleve’s | account of the geologic succession is correct, perhaps with 
some modification of his dates of a part of the igneous rocks. The 
base of the section is composed of volcanic agglomerate, above 
which there is interbedded agglomerate or sandstone, conglomerate 
composed of volcanic material, and limestone, succeeded by mas- 
sive, hard, blue limestone. Most of the corals occur in the !ower 
part of the sedimentary formation, in the limestone or in the 
softer, more rapidly weathering layers of calcareous sandstone, in 
which there is rehandled volcanic material. In conglomerate at 
the base of one exposure I observed boulders of volcanic material 
as much as 8 inches in diameter. Although, as Cleve stated, there is 
some interbedding of the limestone and agglomerate in the lower part 
of the sediments the upper formation rests unconformably on the 
lower. 

The gradation upward into purer, more massive limestone has been 
mentioned. ‘The presence in the higher limestone of a few corals of 
the same species as those in the lower beds and the abundance of 
calcareous algae in some places, indicate a shoal-water deposit; 
and, as the area of the deposit is relatively extensive, the evidence 
is in favor of its having been laid down on a submerged flat. 

The Jamaican Hocene corals are shoal-water forms but they are 
really not of reef facies. 


WEST INDIAN MIDDLE OLIGOCENE REEFS. 
ANTIGUA. 


That the bedded volcanic tuffs underlying most of the Central 
Plain of Antigua dip under the Antigua formation toward the north- — 
east is indicated by the general structure of the island, and is con- 
firmed by a well record, kindly furnished me by Dr. H. A. Tempany, 
government chemist of the Leeward Islands. The record mentioned 
is of a well bored on Fitches Creek, half a mile northeast of the south- 
west boundary of the limestone. Compact, noncalcareous rock 
was struck below the limestone. In the Central Plain patches of 


1 Cleve, P. T., On the geology of the northeastern West India Islands. K. svenska Vet.-Akad. Handl. 
vol. 9, No. 12, pp» 24-27, 1872. 
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gravel and cobbles overlie the surface of the bedded tuffs at a number 
of places, two of which are Casada Gardens and Gunthorpe sugar- 
factory. At Morris Looby Hill, near the head of Willoughby Bay, 
conglomerate immediately underlies the limestone; and the basal 
contact of the formation is also exposed on the north side of Wil- 
loughby Bay, where it is underlain by conglomerate, mostly composed 
of basic volcanic material. The main reef occurs within the Antigua 
formation at or near its base and is exposed along a southwest- 
northeast line from Willoughby Bay to near Wetherell Pot. The 
Antigua reef therefore grew upon a basement that had been sub- 
aerially eroded and was later depressed below sea level. The reef 
and the limestone of which the reef forms a part were formed during 
or after the submergence of their basement. Associated with the 
corals are many specimens of several species of Lepidocyclina, which 
are organisms characteristic of shallow, tropical water. The areal 
extent of these sediments, coupled with the fact that the deformation 
of the water-bedded tufis that lie below the Antigua formation is not 
much greater than that of the Antigua formation, indicates that 
they were deposited on a submarine flat. In the northeastern part 
of the island both the tuffs and the limestone, according to J. W. 
Spencer, dip northeastward at a rate of 12° to 20°.1. My own meas- 
urements show dips of about 20° toward the north or northeast for 
the volcanic tufis and dips between 10° and 15° in amount, and rang- 
ing from N. 60° E. to N. 70° E. in direction, for the Antigua formation. 
The rocks are more disturbed in the Central Plain, where the dips 
of the volcanic tuffs were measured. Therefore, according to the 
available evidence the Antigua formation was a relatively extensive 
formation deposited in shoal water on a flattish floor. 

The main reef-coral bed is about 60 feet thick and is near the 
bottom of the formation. Above it corals are scarcer, but appear 
to be too sparingly distributed throughout a thickness of about 300 
feet of limestone above their profuse development nearer the base, 
or the Antigua formation seems to have a total thickness of a little 


more than 350 feet. 
PORTO RICO. 


The middle Oligocene coral fauna, as has been stated on page 204, 
occurs in the geologic formation to which Hill applied the name 
Pepino. This is a hard, calcareous marl, full of coral heads, with 
occasional indurated strata of white porous limestone. It is well 
exposed north and northwest of Lares in the Pepino Hills, whence 
the name for the formation is derived and where the collection of 
corals submitted to me by Mr. Hill was obtained.’ This is the for- 


1 Spencer, J. W., On the geological and physical development of Antigua, Geol. Soc. London Quart. 
Journ., vol. 57, pp. 494, 496, 1901. 

2 Hill, R. T., Notes on the forest conditions of Porto Rico, U 8. Department of Agriculture, Diy. of 
Forestry Bull. No. 25, pp. 14, 15, 1899. 
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mation to which C. P. Berkey later applied the name Arecibo forma- 
tion.! I have no field acquaintance with the formation but from 
some notes on it made by Cleve, before it had been named, from the 
descriptions of Hill and Berkey, and from some of the corals collected 
by members of the New York Academy Porto Rican investigations, 
I am inclined to the opinion, that there is not a ‘‘formation” but a 
group of formations of similar lithology, for the ‘‘formation”’ contains 
both middle Oligocene (Antiguan) and upper Oligocene (Anguillan) 
fossils, and probably also some Miocene species. Ultimately the 
“formation,” as Berkey also has suggested, will probably be split 
into several formations; it seems to me that there will be at least 
three and perhaps more. Only the stratigraphic relations of the base 
of the formation particularly need consideration here. These rela- 
tions are those of unconformity according to Berkey, who says:? 

Above it [the Arecibo formation] in all cases lie the recent alluvial deposits and the 
San Juan formation, and below it lie the older and more complicated igneous and 
sedimentary rocks. The break between these two represents the chief unconformity 
in the whole geological column. 

An excellent illustration of the unconformity below the ‘‘Arecibo”’ 
is given on page 16, figure 3, of Berkey’s paper. 

Berkey says in his summary of the geologic history of the island: 

Where more simple marine conditions came into control, as would happen when 
submergence or planation had masked or destroyed the more elevated source of sup- 


ply, the deposits became almost wholly reef limestones and shell limestones, with 
only minor amounts of strictly detrital material irregularly distributed. 


The middle Oligocene reef-coral development of Porto Rico, there- 
fore, took place after its basement had been subaerially eroded and 
then depressed belowsea level, and it seems that the basement prior 
to its submergence had been almost reduced to a peneplain surface. 


CUBA. 


Reef corals of middle Oligocene age were first collected in Cuba, 
on Rio Canapu, by Arthur C. Spencer, who obtained three species, 
all of which also occur in Antigua; but the only at all extensive col- 
lection is from the vicinity of Guantanamo, and was made by O. E. 
Meinzer, who studied in detail the stratigraphic relations of the coral- 
liferous formation. I am taking the following note from a manu- 
seript by Mr. Meinzer, now awaiting publication. That there is a 
pronounced unconformity is indicated by a conglomerate at the base 
of the formation. Previous to the submergence, during which the 
coral reefs were formed, there was a long period of subaerial erosion, 
but geologic investigations have not been prosecuted over large 


1 Berkey, C. P., Geological reconnaissance of Porto Rico, New York Acad. Sci. Ann., vol. 26, pp. 12-17, 
1918. 

2Tdem. p. 3. 

3 Idem. p. 59. 
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enough areas in Cuba to draw inferences as to the physiographic 
features of the land surface resulting from the erosional activities. 


WEST INDIAN AND PANAMANIAN UPPER OLIGOCENE REEFS. 


ANGUILLA. 


Basic igneous rock above which in places there is some sandstone 
is exposed below the coralliferous limestone at Crocus Bay and 
Road Bay. The contact is very clearly one of erosion unconformity. 
The following is a composite of the sections exposed at Crocus Bay: 


Geologic section at Crocus Bay, Anguilla. 


3. Hard cavernous limestone, with few or no corals..........-------------- 60 feet. 
2. More or less argillaceous limestone with some beds of harder, purer lime- 

stone; contains fossil corals from bottom to top, some coral heads as much 

as 2 feet in diameter; this member subdivisible into subordinate beds 

AOU ee a Rc SN se ce ee 200 feet. 
1. Yellowish and brownish clay underlain by dark blue-black clay, or sand- 

stone and conglomerate of igneous material overlying basic igneous rock 

(exposed at Pelican Point)s. oes Pee Sees Sey ee 5 feet+. 

The exposure at Road Bay is essentially the same as that at Crocus 
Bay. 

The Anguillan reef was evidently formed during submergence after 
the subaerial erosion of its basement. 

It should be emphasized that the richly coralliferous limestone is 
overlain by more massive, harder, limestone in which there are few 
or no corals; and that the areal extent of the shoal-water limestone 
indicates a submarine flat. 


CANAL ZONE. 


The Emperador limestone, according to Doctor MacDonald, lies 
unconformably on several of the beds belonging to the underlying 
Culebra formation, and supplies another instance of a fossil coral reef 
with an unconformable basal contact. 

The stratigraphic relations of the important West Indian and Canal 
Zone reef corals and coral reefs are summarized in the following 
table: 


Stratigraphic relations of West Indian and Canal Zone Eocene and Oligocene reef corals 
and coral reefs. 


2 
Age. Locality. | Basal contact. Overlying rock. Burlape ef (base 


| Unconformabletion) |i eeses a. tes ceseae cee sl ceieeeeaeeeeteas 
jperador ls.) TUdean tosmablel lon) Limestone ritnes i) Sueeere eine 
: A : | Unconformable on imestone withou ubmerged flat. 
Upper (Oligocene. ---}y Anguilla. eetc---- | igneous rock or on or with few corals. 

sandstone and con- 


: glomerate. 
antigua. Speen lani Oe eh een Oe Use eee De 
: . orto Rico (Pepino |..... GO ER ean | Bieta OS Se Nes 0. 
Middle Oligocene.... formation). 
Cuba (Guantanamo))..... (6 Voyeur so ee Nin [Ee HT ALOE AEA ae Not known. 
Upper Eocene....... St. Bartholomew...)..... GOS Limestone without | Submerged flat. 


or with few corals. 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 263 


All of the fossil reefs discussed in the foregoing remarks were 
formed during periods of subsidence that followed subaerial erosion 
of their basements. The basal contacts might be imterpreted as 
supporting Darwin’s hypothesis, but in four of the six instances the 
reeis are buried under later nearly pure limestones in which there are 
few or no corals. What caused the change in the character of the 
sediments, and coincidently led to the extermination of the reefs is 
not known; but the organisms in the overlying sediments indicate 
shallow, tropical waters, and as the geologic formations are areally 
extensive (relatively speaking), they were evidently formed on 
submarine flats. The corals began to grow on such flats and were 
ultimately killed. So long as the ecologic conditions were favorable, 
the corals flourished, but died when the conditions changed. The 
formation of the flats can scarcely be attributed to the corals. 


WEST INDIAN MIOCENE REEF CORALS. 


Meager developments of reef corals during the Miocene occur in- 
Cuba and Santo Domingo, but at present no Miocene reefs are known 
unless the name reef be applied to the corals found in the La Cruz 
marl, eastward from La Cruz to the intersection of the railroad with 
the highway from Santiago to the Morro. The La Cruz marl is a 
bedded formation in which there are a few reef corals. The presence 
of pebbles in the basal part of the formation at the south end of 
Santiago Harbor suggests an erosion unconformity with some older 
Tertiary formation. 

No Pliocene reef corals are at present known in the West Indies. 
The erroneous suggestion, that a coralliferous limestone exposed in 
a quarry on Calle Infanta, opposite Castillo de la Punta, Habana, 
might be Pliocene, has been corrected on page 224. This limestone 
seems to represent very nearly the same horizon in the Miocene 
as the Bowden marl of Jamaica; it may be stratigraphically somewhat 
higher. It contains some corals of reef facies but it can not appro- 
priately be called coral-reef rock. The stratigraphic relations of the 
base of the deposit are not known. 


WEST INDIAN PLEISTOCENE REEFS. 


The West Indian Pleistocene reefs, whose stratigraphic relations 
have been critically investigated and can be discussed here are those 
of Jamaica and Cuba. Mr. R. T. Hill has placed in my hands a 
manuscript describing the Pleistocene reefs of Barbados, and Doctor 
MacDonald will discuss those of Costa Rica and Panama in his memoir 
on the geology of the Canal Zone and adjacent areas. 

The basal contacts of the Jamaican Pleistocene reefs, as has been 
elaborately presented by R. T. Hill in his account of the Jamaican * 


1 Hill, R. T., The geology and physical geography of Jamaica, Mus. Comp. Zool. Bull., vol. 34, pp. 90-99, 
37149—19— Bull, 1086 
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reefs, at least usually show unconformable relations. Although 
that Agassiz was aware of the unconformity at the base of the Cuban 
Pleistocene reefs can be inferred from his descriptions, he did not 
emphasize the stratigraphic relations; however, he does say regarding 
the living Cuban reefs: ‘‘In Cuba they [the coral reefs] abut upon the 
Tertiary limestone of its shores.’ I observed the unconformable 
relations at Baracoa, and stated that ‘‘Upper Oligocene yellowish 
calcareous marls or limestone are found in the vicinity of Nuevitas; 
also at Baracoa, where they immediately underlie the Pleistocene coastal 
soborruco.”! On page 32 of the same report it is stated: “It should 
be added here that all of the elevated Pleistocene coral reefs as seen 
by us and all of those recorded by those whom we consider compe- 
tent observers, are plastered on the surface of the upper Oligocene 
[mostly Miocene] formations, or in some instances upon older geolo- 
gic formations.”’ 

Unconformable relations between the elevated Pleistocene reefs 
and the underlying Miocene limestone or marl are observable at 
Matanzas, Habana, and Santiago. The rock in the left foreground 
(pl. 71, fig. A,) is the slightly elevated soborruco (coral-reef rock) 
that extends into the mouth of Santiago Harbor, clearly show- 
ing that the harbor was outlined as a drainage basin previous 
to the formation of the particular reef now under consideration. 
The bluff and slopes in the background and on the right side of the 
illustration are formed in the Santa Cruz marl. 

The known unconformable relation at the base of the Pleistocene 
elevated reefs was the basis of inferred ‘‘subsidence of 80 to 100 feet”’ 
during the Pleistocene; this subsidence was followed by elevation and 
channeling in the mouth of the harbor; and this was followed by 
Recent submergence.? I have recently prepared a revised account of 
the shore-line phenomena of Cuba, and present the following sum- 
mary for the vicinity of Habana: 

1. Stand of land high enough for the subaerial erosion of the 
basement of a reef that seems to be about 30 feet above sea level 
at present, and for the outlining by erosion of Habana Harbor. 

2. Submergence in Pleistocene time to a stand about 30 feet lower 
than at present. 

3. Emergence in Pleistocene time sufficient to permit the cutting 
of a channel, now submerged 100 feet in Habana Harbor; the amount 
of this emergence would be about 100+  feet=130 feet. 

4, Submergence, assigned to Recent time, to a depth of about 


the direction of General Leonard Wood, Military Governor, p. 23. The upper Oligocene in this quotation 
is now considered Miocene. The italicized part of the sentence is in Roman letters in the original. 
2Tdem., p. 34. 
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5. There may have been minor oscillations, for instance the 5-foot 
soborruco may represent slight elevation subsequent to the last 
submergence. 

Mr. O. E. Meinzer, in his manuscript, ‘““Geologic reconnaissance of 
a region adjacent to Guantanamo, Cuba,” referred to on page 204, 
gives the following summary of events for the vicinity of Guantanamo: 

1. (Previous to the formation of the terraces) ‘‘ Erosion, resulting 
in the excavation of the principal valleys now in existence, some of 
them probably below present sea level. 

2. Submergence sufficient in amount to bring the land at least 
750 feet below the level of the present shore line. 

3. Successive stages of emergence and perhaps slight tilting of the 
land, alternating with stages of quiescene, the emergence being about 
850 feet in amount so that the land area stood about 100 fect higher 
than at present, thereby permitting stream erosion below the present 
sea level; during the stages of quiescence sea benches and cliffs 
were formed at different, successive stands of the land. 

4. Submergence to the present level, resulting in the drowning of 
the lower parts of the stream valleys and in the production of innum- 
erable small estuaries, bays, and coves. 

5. Filling of the submerged valleys and development of a new sea 
bench by destructive and constructive processes.”’ 

The reefs considered in this section are fringing reefs. They rest 
unconformably upon their basements, but were formed during 
pauses in emergence. 

TERTIARY AND PLEISTOCENE REEF CORALS AND CORAL REEFS OF THE UNITED 
STATES. 


SOUTHEASTERN UNITED STATES. 


In the United States Tertiary reef corals first appear at the base 
of the Eocene in the Midway group in Alabama, but these are not 
sufficiently abundant to entitle the deposit to the designation 
‘coral reef.”’ 

The oldest Tertiary coral reefs in this province are of middle 
Oligocene age, and have been studied at Salt Mountain, near Jackson, 
Alabama, and near Bainbridge, Georgia. The basal contact of the 
reef at Salt Mountain is not exposed, and its nature is, therefore, 
unknown. The reef in the basal part of the Chattahoochee formation 
at Bainbridge, Georgia, rests on the surface of the upper Eocene Ocala 
limestone, which shows evidence of subaerial erosion, and is exposed 
from place to place along Flint River throughout a distance of 8 
or 9 miles. It is relatively thin, perhaps only 10 to 15 feet thick, 
and contains a fauna of about 30 species of corals, mingled with 
which are many specimens of Lithothamnion and large Lepidocyclina. 

The next younger development of reef corals is in the upper part 
of the Chattahoochee formation and its stratigraphic equivalent, 


266 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


the ‘‘silex’’ bed and limestone of the Tampa formation. Corals are 
sufficiently abundant to justify being designated ‘‘reefs’”’ at several 
localities, the most important of which are 18 miles south of Talla- 
hassee, Florida, in several counties in southern Georgia, and at 
- Tampa, Florida. Coralliferous limestone of the same or nearly the 
same age is exposed one-half mile south of River Junction, Florida, 
and at old Jacksonboro, Georgia. Well borings in Tampa show that 
beneath the coralliferous limestone is a variable thickness of clay 
which overlies the irregular surface of the Ocala limestone, indicating 
subaerial erosion, followed by submergence. The coralliferous beds 
are stratigraphically below the next younger set of deposits grouped 
under the Alum Bluff formation, indicating the continuation of sub- 
sidence after the formation of the reefs. The thickness of the reefs 
and coralliferous beds is not great, perhaps between 10 and 20 feet. 
The fauna comprises about 20 species of corals. Where not silicified 
and its character may be studied, the limestone associated with the 
corals is of complex origin. It is partly organic, probably in part a 
chemical precipitate, and contains terrigenous impurities. This indi- 
cates that the reefs and corals of this period grow during subsidence 
on a previously formed platform, but possess greater value for their 
aid in stratigraphic correlation than as constructional agents. 

The Alum Bluff formation, which, in my opinion, is of Miocene 
age, according to the usage adopted by the United States Geological 
Survey is subdivided into three members, which named from the 
bottom upward are the Chipola marl, Oak Grove sand, and Shoal 
River marl. The basal Chipola marl member was known only in 
an area extending from Alum Bluff on Apalachicola River westward 
to Chipola River until it was recently identified by Miss Julia Gard- 
ner from a collection made by Dr. E. H. Sellards at Boynton Landing 
on Choctawhatchee River, in Washington County. The bed on 
Chipola River seems conformably to overlie the Chattahoochee forma- 
tion, it is conformably overlain by higher beds of the typical Alum 
Bluff formation, and is between 15 and 17 feet thick. Of the four 
or five species of corals found at this horizon, one is of reef facies, a 
massive species of Goniopora. Subsidence was in progress while 
these coralliferous beds were being deposited. 

Before completing the discussion of the Alum Bluff formation cer- 
tain events antecedent to its deposition in central peninsular Florida 
snould be stated. Previous to the deposition of Chattahoochee and 
Tampa sediments, the Ocala limestone was deformed with the pro- 
duction of a low, elongate dome, the axis of which extends from 
near Gainesville to near Ocala. On both the east coast and the 
west coast along an east-west line through Gainesville the surface 
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of the Ocala is below sea level and is overlain by younger forma- 
tions, while along the axis of the dome its surface rises from 80 to 
a little more than 100 feet above sea level. This low dome formed 
- in the upper Oliogocene sea an island or a group of islands to which 
I have applied the name ‘Orange Island.’”” The Chattahoochee 
and Tampa formations were deposited on the western slope of this 
island but they are not known in central Florida. The subsidence 
which brought about the deposition of these two formations con- 
tinued until the Alum Bluff sea advanced entirely across central 
Florida, where deposits of Alum Bluff age rest on the surface of the 
Ocala limestone apparently without ae intervention of deposits ot 
intermediate age. 

The portion of the Alum Bluff aa above its basal member 
contains in central Florida at numerous localities heads of corals of 
reef facies belonging to the genus Siderastrea. At a place near 
Nigger Sink, about 8 miles north of Alachua, Florida, there is a 
Siderasirea reef, which, according to aneroid barometer measurement, 
is about 35 feet thick. The sediments associated with the Alum 
Bluff reef corals are greenish, usually phosphatic sands and clays, and 
impure phosphatic, in places magnesian limestone. The corals are 
decidedly subordinate in importance to other constructional agents, 
although they grew on asubsiding basement. 

Alum Bluff sedimentation was succeeded by uplift and subaerial 
erosion preceding the depression initiating the deposition of the 
Choctawhatchee Miocene. Although the Miocene Choctawhatchee 
and Chesapeake faunas comprise about a dozen species of corals of 
distinctive facies, no reef corals are known as the temperature of the 
water was evidently too low. 

No Pliocene coral reefs are known, but corals of reef facies are well 
represented in the Caloosahatchee marl, which is largely composed of 
molluscan shells. The stratigraphic relation of the Caloosahatchee 
marl to the Miocene has not been definitely ascertained, but available 
evidence suggests separation by an erosion unconformity. Whatever 
this relation may be, the formation was deposited during subsidence. 
Corals are of slight importance as contributors of material to the 
formation, as Heilprm long ago pomted out. 

The following table, which is a slightly revised copy of a table 
previously published,’ shows the stratigraphic distribution of coral 
reefs and reef corals from Oligocene to Recent time, and their rela- 
tion to changing sea level. 


1 Vaughan, T. W., and Shaw, E. W., Geologic investigations of ie Flori da coral reef ace Carnegie 
Inst. Washington wear pooks No. 14, p. 238, 1916. 


268 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


Stratigraphic distribution of coral reefs and reef corals in the southeastern United States 
from Oligocene to Recent time, and their relation to changing sea level. 


| Change in 
Racing Geologic formations, members, Distribution of reef corals and relation of 
CHATS unconformities. coral reefs. basement to 
i sea level. 
IRECeN tee e ees Heese seis ee eee ee ans eric eee ee Coralreetssoe Gases seas yeee ae Submergence. 
Erosion unconformity. | 
Pleistocene. ...- Key Largo limestone.............. Coralireeiss.n syns Ae sah ees ee Subsidence. 
Erosion unconformity. 
Pliocene......-- Caloosahatchee marl........--.--. Rieeh (Corals se sya skies Sr Ins Subsidence. 
Erosion unconformity - 
Choctawhatchee marl....-....---- No reefs, a few corals.......-....-- Subsidence. 
Erosion unconformity. AG ieee een ; 
Q . i ew corals; slight development 0 
Miocene......-- MumuBlat for Ee eeeeteeate | reefs in céntral and northern 
© mation 5 . “|| peninsular Florida. _ Subsidence. 
Chipola ea ee facies. one ma of reef ce 
. ‘ s : - (Upper --.| Coral reefs (Tampa, Fla., etc.)....- ubsidence. 
Oligocene....... Chattahoochee formation) 7 ower |_| Coral reefs (Bainbridge, Ga.)...... Subsidence. 
Erosion unconformity. 
EKocene.......-- Ocala limestone.........-.-------- INoicoralineeis 5 ase ee ee Subsidence. 


The table shows, besides the stratigraphic distribution of the reefs 
and reef corals, that, with possibly one exception, each development 
occurred during subsidence which followed subaerial erosion. 

To consider the basement of these fossil reefs: The geographic 
extent and composition of the limestones of upper Eocene age, which 
form the basement of the Floridian plateau, have been ascertained 
with considerable exactness. The surface outcrop has been mapped 
in Georgia and Florida, and well borings have revealed the presence 
of limestone of this age and character under younger formations in 
west Florida, at Panama City, and in Peninsular Florida, at Tampa, 
Key West, Key Vaca, and Palm Beach. The limestone is largely 
composed of the remaims of Foraminifera, including myriads of 
Nummulites and orbitoidal Foraminifera, Bryozoa, and some mollusks 
and echinoids, with which is an undetermined proportion of chemi- 
cally precipitated calcium carbonate and some terrigenous material. 
Corals are always rare and are usually absent. The organisms occur- 
ring in the formation are characteristic of tropical, shoal water, 50 
fathoms or less im depth. As the 100-fathom curve delimits the sub- 
merged border of the Coastal Plain, it is evident that the Floridian 
plateau was a part of the Coastal Plain and had essentially its present 
outline back in upper Hocene time before the formation of the oldest 
Chattahoochee reef, which was therefore superposed on a subsiding 
platform not produced by corals. The paleogeographic development 
of the Floridian plateau shows that each successive development of 
Tertiary reefs wasfon an antecedent platform which was formed by 
agencies other than those dependent on the presence of coral reeis. 
In all mstances the volume of coral as compared with material from 
other sources is of mimor and usually of negligible importance. 
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The accompanying map (fig. 7) shows the location of the Oligocene 
reefs with reference to the Plateau surface. 

That Pliocene deposition was followed by uplift, erosion, and de- 
pression, is shown by the fact that the Pleistocene shell marls along 
Caloosahatchee River rest on the eroded surface of the Pliocene. The 
Pleistocene reefs, the location of which is shown on the map (fig. 8), 
were formed during subsidence which followed uplift at the close of 
Pliocene deposition. At the base of the reef, which is 105 feet thick, 
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is a calcareous deposit, 55 feet thick, of undetermined age. Beneath 
it are 450 feet of sand, mostly quartz, of Miocene age, below which 
follow in descending order, limestones of Chattahoochee and Ocala 
age, but without any development of reef-corals. Planimeter meas- 
urements indicate an area of 66 square miles for the Pleistocene reef 
against an area of 1,670 for the chemically precipitated calcium car- 
bonate of the Miamiand Key West oolites. Ihave already published 
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the statement that in Pleistocene time the calcium carbonate chemi- 
cally precipitated probably predominated over that secreted by corals 
in the ratio 100:1.1 

The theory advanced by Louis Agassiz ? for the building of penin- 
sular Florida is familiar to most geologists through the writings of 
LeConte. Agassiz says: * * * “the peninsula itself has once 
been a reef at least as far as the 28th degree of north latitude, as is 
shown by the investigation of the Everglades, and by the examination 


Fig. 8. FLORIDA, LOCATION OF PLEISTOCENE CORAL REEFS AS SHOWN BY +, AND THE LOCATION OF THE 
AGASSIZ-LECONTE BOUNDARY OF SUPPOSED CORAL FORMATION. 


of the rocks at San Augustine.’”’ According to LeConte’s map about 
half of peninsular Florida was formed through the agency of coral 
reefs? (See figure 8, above.) 

Eugene A. Smith, in 1881, showed that Eocene deposits extend 
south of Ocala into the peninsula; Heilprin showed that corals are 
unimportant to the latitude of Lake Okechobee; Alexander Agassiz 


1 Vaughan, T. W., Sketch of the geologic history of the Florida coral-reef tract and comparison with other 
coral-reef areas, Journ. Washington Acad. Sci., vol. 4, p. 26, 1914, 

2U. 8S. Coast and Geodetic Survey Ann. Rept. 1851, pp. 145-160, 1852. 

+ Elements of geology, ed. 4, p. 163. 
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accepted the results of Smith and Heilprin but contended that the 
southern end of the peninsula is composed of wind-blown coral sand. 
Later investigations have established that the material comprising 
this part of the peninsula is neither coral sand nor is it wind-blown. 
Antecedent to the Recent reef out of an area of between 25,000 and 
30,000 square miles, perhaps as much as, but probably less than, 66 
square miles may now be attributed to coral. 

The data on the fossil reefs of the Southeastern States may be 
summarized as follows: 

1. Corals have played a subordinate part, usually a negligible part, 
in the building of the Floridian plateau. 

2. Every conspicuous development of fossil coral reefs or reef 
corals took place during subsidence. 

3. In every instance the coral reefs or reef corals have developed 
on platform basements which owe their origin to geologic agencies 
other than those dependent on the presence of corals. 


PLIOCENE REEF CORALS FROM CARRIZO CREEK, CALIFORNIA. 


Mendenhall! has described in detail the relations of the coralli- 
ferous beds at this locality, and I have republished his statements 
in my account of the collection of corals made by him and Dr. Stephen 
Bowers.2. There is here another instance of a richly coralliferous 
formation with an erosion unconformity at its base. 


Livine Corat REEFs OF THE West INDIES, FLORIDA, AND CENTRAL AMERICA. 


No general account of the position and general features of the 
living reefs within the region above mentioned will be given here, as 
the subject has been fairly well treated by Alexander. Agassiz for the 
West Indies and Central America,? and during the past eight years 
I have published a number of papers, listed in the footnote,* on the 


1 Mendenhall, W. C., Notes on the geology of Carrizo Mountain and vicinity, San Diego County, Cali- 
fornia, Journ. Geology, vol. 18, pp. 336-355, 1910. 

2 Vaughan, T. W., The reef-coral fauna of Carrizo Creek, Imperial County, California, and its significance, 
U.S. Geol. Survey Prof. Paper 98-T, pp. 355-386, plates 92-102, 1917. 

3 Agassiz, A., A reconnaissance of the Bahamas and of the elevated reefs of Cuba in the steam yacht Wild 
Duck, Mus. Comp. Zool. Bull., vol. 26, pp. 145-166, 1894. 

4 Vaughan, T. W.: 

Sketch of the geologic history of the Floridian Plateau, Science, new ser., vol. 32, pp. 24-27, July 1, 1910. 

A contribution to the geologic history of the Floridian Plateau, Carnegie Inst. Washington Pub. No. 133, 
pp. 99-185, 1910. 

Studies of the geology and of the Madreporaria of the Bahamas and of southern Florida, Carnegie Inst. 
Washington Year Book No. 11 (for 1912), pp. 153-162, 1913. 

Remarks on the geology of the Bahamas and on the formation of the Floridian and Bahaman oolites, 
Washington Acad. Sci. Journ., vol. 3, pp. 302-304, May 19, 1913. 

With L. V. Pirsson, A deep boring in Bermuda Island, Amer. Jour. Sci., ser. 4, vol. 36, pp. 70-71, July, 
1913. 

Sketch of geologic history of the Florida coral reef tract and comparisons with other coral reef areas, Wash- 
ington Acad. Sci. Journ., vol. 4, pp. 26-34, Jan. 19, 1914; abstract, Geol. Soc. America Bull., vol. 25, pp. 
41-42, March, 1914. 

The reef corals of southern Florida, Carnegie Inst. Washington Year Book No. 12 (for 1913), pp. 181-183, 


1914. 
{Footnote continued on page 272.) 
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Floridian, Bahamian, West Indian, and Central American reefs. 
In addition to my studies in the field and my work on charts and 
maps in the office, I have compiled all available information on 
Pleistocene and Recent strand-lme movement along the Atlantic 
coast between Argentina on the south and New England on the 
north. 
The discussion to follow will present evidence on Recent change in 
the position of strand line, on the amount of change, and on the rela- 
tions of the living coral to the basements on which they have formed 
for the West Indies from Antigua along the Caribbean arc to Cuba, 
the Bahamas, the Bermudas, Florida, and Central America. Accounts 
of these areas will be followed by remarks on some other West Indian 
Islands, on the Brazilian reefs, on the Argentine shore line, and on the 
shore line of the United States between Florida and Cape Cod. 


{Footnote continued from page 271.] 


Investigations of the geology and geologic proccesses of the reef tracts and adjacent areas in the Bahamas 
and Florida, Carnegie Inst. Washington Year Book No. 12 (for 1913), pp. 183-184, 1914. 

The platforms of barrier coral reefs, Amer. Geog. Soc. Bull., vol. 46, pp. 426-429, 1914. 

Preliminary remarks on the geology of the Bahamas with special reference to the origin of the Floridian 
%nd Bahama oolites, Carnegie Inst. Washington Pub. No. 182, pp. 47-54, 1914. 

The building of the Marquesas and Tortugas atolls and a sketch of the geologic history of the Florida 
ree; tract, Carnegie Inst. Washington Pub. No. 182, pp. 55-67, 1914. 

Study of the stratigraphic geology and of the fossil corals and associated organisms in several of the smaller 
West Indian Islands, Carnegie Inst. Washington Year Book No. 18 (for 1914), pp. 358-360, 1915. 

Geological investigations in the Bahamas and southern Florida, Carnegie Inst. Washington Year Book 
No. 13 (for 1914), pp. 227-233, 1915. 

Reef corals of the Bahamas and southern Florida, Carnegie Inst. Washington Year Book No. 13 (for 
1914), pp. 222-226, 1915. 

Coral reefs and reef corals of the southeastern United States, their geologic history and their significance, 
Abstract, Science, new ser., vol. 41, pp. 508-599, April 2, 1915; Geol. Soc. America Bul., vol. 26, pp. 58-60, 
1915. 

Introductory remarks to symposium on the factors producing changes in position of strand line during 
the Pleistocene and post-Pleistocene, Washington Acad. Sci. Journ., vol. 5, pp. 444-445, June 18, 1915. 

[ Résumé ofthe present status of the geologic correlation of the Cretaceous and Tertiary formations of the 
Antilles], Washington Acad. Sci. Journ., vol. 5, p. 489, July 19, 1915. 

Memorandum on the geology of the ground waters of the Island of Antigua, B. W.1I., West Indian Bull., 
vol. 14, No. 4, 44 pp., 1915. Imperial Dept. of Agri. for the West Indies. 

The geologicsignificance of the growth rate of the Floridian and Bahaman shoal-water corals, Washington 
Acad. Sci. Journ., vol. 5, No. 17, pp. 591-600, Oct. 19, 1915. 

On Recent Madreporaria of Florida, the Bahamas, and the West Indies, and on collections from Murray 
Island, Australia, Carnegie Inst. Washington Year Book No. 14 (for 1915), pp. 220-231, 1916. 

And Shaw, E. W., Geologic investigations of the Florida coral-reef tract, Carnegie Inst. Washington 
Year Book No. 14 (for 1915), pp. 233-238, 1916. 

Study of the stratigraphic geology and of the fossil corals and associated organisms in several of the smaller 
West Indian Islands, Carnegie Inst. Washington Year Book No. 14 (for 1915), pp. 368-373, 1916. 

Present status of the investigations of the origin of barrier coral reefs, Amer. Journ. Sci., ser. 4, vol. 41, 
No. 241, pp. 131-135, January, 1916. 

The results of investigations of the ecology of the Floridian and Bahaman shoal-water corals, Nat. Acad. 
Sci. Proc., vol. 2, pp. 95-100, February, 1916. 

Some littoral and sublittoral physiographic features of the Virgin and northern Leeward Islands and 
their bearing on the coral reef problem, Washington Acad. Sci. Journ., vol. 6, No. 3, pp. 53-66, Feb. 4, 1916; 
also abstract Geol. Soc. America Buil., vol. 27, No. i, pp. 41-45, 1916. 

The corals and coral reefs of the Gulf of Mexico and the Caribbean Sea (abstract of paper read before 
special meeting of Amer. Ass. Adv. Sci., in cooperation with Pan-American Congress), Science, new ser., 
vol. 43, pp. 250-251, February 18, 1916. 

In collaboration with Cushman, J. A., Goldman, M. I., Howe, M. A., and others: Some shoal-water 
bottom samples from Murray Island, Australia, and comparisons of them with samples from Florida and 
the Bahamas, Carnegie Inst. Washington Pub. No. 2138, pp. 235-297, pls. 94-98, 1918. 

Chemical and organic deposits of the sea, Geol. Soc. American Bull., vol. 28, pp. 933-944, pls. 47, 48, 1918. 
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ANTIGUA-BARBUDA BANK. 


The islands of Antigua and Barbuda rise from a bank which is 
bounded by the 100-fathom curve and is 50 miles in length along a 
north-south line, and from 13 to 20 miles in width. Antigua is near 
the southern and Barbuda near the northern end, with water from 
15 to 18 fathoms in depth between them. (See text fig. 9.) 
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The shore line of Antigua is deeply indented by numerous bays 
and harbors, as St. John, Five Islands, and Falmouth harbors, and 
Willoughby, Nonsuch, and Belfast bays (pl. 68, figs. A, B, and 
text fig. 10). The absence of terraces and elevated wave-cut cliffs 
is especially noteworthy. The discovery in St. John Harbor, at a 
depth of 20 feet below sea level, of a 4-foot bed of peat, which 
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is not composed of marine plants (according to Mr. C. A. Davis), 
adds confirmation to the inference from the indented shore line and 
the absence of elevated terraces and wave-cut cliffs that the last 
important movement of the strand line was one of submergence. 
Present sea-level relations have persisted long enough for the develop- 
ment of sea cliffs, in places 100 feet or more high, for the alluvial 
fillings at the heads of the bays, and for the extension inland of 
alluvial deposits along the streamways. There is some evidence of a 
slight upward movement of the land, a few feet, less than 10, since 
the submergence. 
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Fic. 10.—CHART OF PART OF EAST COAST OF ANTIGUA. FROM U.S. HYDROGRAPHIC CHART NO. 1004. 


Barbuda, which is composed of limestone and has a maximum 
height of about 200 feet, has no marked indentations of its shore 
line; but Dr. H. A. Tempany informs me that fresh-water springs 
emerge below sea level in the lagoon about one-half mile south of 
Codrington village, a fact of significance in probably indicating 
submergence. 

The similarity of the land mollusca of Antigua and Barbuda lend — 
support to the inference from physiographic data that these islands 
were part of one land mass in Pleistocene time and have been severed 
by submergence, and as the water between the islands is 18 fathoms 
deep, the sea level must have risen at least that amount. A sub- 
merged steep slope off the southeast side of Antigua at depths be- 
tween 100 and 150 feet accords with submergence to a depth of at least 
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18 fathoms, and indicates submergence of LOSE 120 feet or 20 
fathoms. (See fig. 11 below.) 

Barrier coral reefs occur around Antigua off the mouth of Nonsuch 
Bay, off the southwest angle of the island, and there is a discon- 
tiuous barrier off the west side of the island. There are other reef 
patches, some of which are almost barriers. Barbuda has barrier 
reefs, Cobb and Goat reefs, off its northern end. 

These reefs of Antigua and Barbuda occur on a platform which has 
been submerged. That the platform or flat lying between Antigua 
and surrounding Antigua is in origin independent of the corals growing 
on itsfsurface is shown not alone by its continuity irrespective of 
the presence of corals. That a land area existed between Antigua 
and Barbuda in Pleistocene time is clearly shown by the land mol- 
lusca; while the submerged steep slope or scarp shows that the flat 


Ses /eve/ 


Yj fy 
5% miles <———— ae Tiles ——> 
SOUTHEAST COAST OF ANTIGUA 


See /eve/ 


<——— 0/77 63 7. 
NORTH COAST OF HAVANA HARBOR MOSQUITO ‘BANK 
ST. THOMAS Showing depth of filled 


Channel in harbor 


Fig. 11.—SUBMARINE PROFILES OFF WEST INDIAN ISLANDS AND ACROSS MOSQUITO BANK. 


existed and was marginally cut by the sea while it stood about 120 
feet higher than at present. 


ST. MARTIN PLATEAU. 


J. W. Spencer has applied this designation to the plateau on which 
St. Bartholomew, St. Martin, and Anguilla stand. This plateau, as 
bounded by the 100-fathom curve, is irregular in shape and is 75 
miles long by 45 miles wide. The maximum depth of water between 
St. Bartholomew and St. Martin is 16 fathoms and between St. 
Martin and Anguilla 14 fathoms. (See text fig. 12.) 

The shore line of St. Bartholomew is indented, the indentations are 
usually divided by beaches into an inner or lagoon part and an outer 
bay or harbor part (pl. 68, figs. C, D). The beaches may have 
been elevated between 3 and 5 feet. The lagoons behind the beaches 
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are the salt ponds of the island. There is an entire absence of ele- 
vated terraces, unless some apparent shoulders on outlying islets, not 
actually visited by me, should be slightly elevated sea-cut benches. 
Wave-cut cliffs margin the rocky shores, and alluvial flats oceur 
around the heads of the bays. 

The shore line of St. Martin is indented. Each reentrant into tbe 
land is usually divided by a transverse beach into an inner lagoon or 
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salt pond and an outer bay portion; and alluvial flats margin the 
heads of the reentrants and project inland between the hills. The 
spurs along the shore are truncated by wave-cut cliffs (see pl. 69, 
fig. A) and exhibit no definite terracing. Older beach rock was seen 
at the northeast end of Blanche Point, perhaps indicating slight 
differential uplift for that locality. 

The shore bne of Anguilla (see pl. 69, figs. B, D), although not 
so conspicuously indented as that of St. Bartholomew and St. Martin, 
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is indented, and a number of instances, Road Bay, for example, of 
the separation by ,beaches of an inner lagoon from an outer bay are 
present. Three instances of inclosed basins having underground 
communication with the sea were noted (pl. 69, fig. C). No definite 
terraces are present and wave-cut cliffs are greatly developed. 

That the last important change of sea level was by submergence 
of the land is evident from the character of the shore line in St. Bar- 
tholomew, St. Martin, and Anguilla; and in Anguilla additional 
evidence is afforded by the underground communication between 
inclosed basins in the limestone and the sea. Stable condition of the 
shore line for a considerable time is attested by the wave-cut cliffs, 
the development of the beaches, the alluvial fillings at the heads of 
reentrants into the landmass, and in St. Martin by the presence of 
unterraced flood plains along the streamways. 

In my paper on the littoral and sublittoral physiographic features 
of the Virgin and northern Leeward Islands, referred to in the foot- 
note on page 272, I have shown that on the windward side of the St. 
Martin plateau there is an outer deeper flat, 26 to 36 fathoms below 
sea level, with a maximum length east and west of over 30 miles, and 
that this flat may be subdivisible into two subordinate terrace flats. 
The scarp on the landward side of the deeper flat in places is about 
50 feet high, in depths between 20 and 28 fathoms; above the deeper 
flat is a shallower one, whose outer edge is about 20 fathoms under 
the sea (see text-fig. 11, p. 275). Other submarine evidence of sub- 
mergence in this area is given in my paper cited. At the time the 
shore line around the St. Martin Plateau was about 20 fathoms 
lower than at present, Anguilla, St. Martin, and St. Bartholomew 
must have been united. The biologic evidence at present availabie 
is not sufficient to be decisive, but all that is known accords with 
this interpretation. Notches on the outer edge of the plateau sim- 
ulate hanging vaileys and may represent the outer ends of valleys 
cut while the sea stood about 40 fathoms lower than now; but the 
information on these is too scant to justify more than a suggestion. 

The hydrographic chart does not show well the reefs of these islands, 
nor does thegBritish Admiralty West India Pilot give a good descrip- 
tion of them. Because of rough weather most of my own observa- 
tions were made from the shore. Coral reefs occur across the en- 
trances to most of the bays on the northeast and southeast sides of 
St. Bartholomew; reefs are well developed on the east side of St 
Martin, off North Point, and on the southeast side of Tintamarre 
Island; and there are dangerous reefs offi the southeast coast of 
Anguilla and on the north coast of the east end of the island. Seal 
Island reefs occur on a ridge extending westward from the nortneast 
end of Anguilla. Some of these reefs are of the barrier type, as 
navigable channels lie between them and the shore, one at Forest 
Point is an instance. 
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The reefs of the St. Martin Plateau are superposed on an ante- 
cedent platform that was brought into its present relations to sea 
level by geologically Recent submergence to an amount of about 20 
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wide. 


ST. CROLX ISLAND. 
This island rises above a bank about 30 miles long and 10 miles 


The distance from the shore to the 100-fathom curve is usually 
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less than three-quarters of a mile on the west end; and on the north 
side west of Sugar Bay the distance ranges from one-quarter to one- 
half mile. Off the south shore the distance to the 100-fathom curve 
in places slightly exceeds 3 miles; off the east end for 7 miles the 
water is less than 40 fathoms deep, while off the north coast the 
platform gradually narrows westward until near Salt River Point its 
width is less than one-half mile. 

There is a long, disconnected barrier reef off most of the south 
coast, and barrier reefs are present off the north coast to a short dis- 
tance west of Christiansted. The indented, ragged coast line and 
the depth of water on the platform so clearly point to the same con- 
clusion as that already drawn from a study of Antigua, St. Bar- 
tholomew, etc., that reiteration is not necessary. 


VIRGIN BANK. 


The Virgin group of islands consists of about 100 small islands and 
keys (text fig. 13). The bank above which they rise is an eastward 
prolongation of that on which Porto Ricostands. The chart shows the 
indented coast line and the extensive, relatively shoal platform above 
the surface of which the islands project. The maximum depth of 
water between the islands is about 17 fathoms. St. Thomas well 
exhibits the coastal phenomena to which attention has already been 
so often directed—reentrants with alluvial fillings at their heads, 
unterraced alluvial bottoms along streamways, and wave-cut cliffs on 
the unterraced promontories (pl. 70, figs. A, B, C). 

In my paper on some littoral and sublittoral physiographic features 
of the Virgin and northern Leeward Islands, already referred to, it 
has been pointed out that there are three terrace flats under the sea 
off St. Thomas, St. John, Tortola, and Virgin Gorda (see text fig. 11, 
p. 275). On the leeward side the deepest lies between 26 and 30 
fathoms in depth and is separated by a scarp or steep slope on its 
landward side from a flat ranging from 14 to 20 fathoms in depth, 
which in turn is separated by a steep slope from a flat ranging from 
6 to 10 fathoms in depth. On the windward side the respective 
depths are 26 to 34 for the deepest flat, 14 to 20 fathoms for the 
intermediate flat, and 7 to 10 fathoms for the shallowest one. The 
intermediate flat is narrow or absent on the promontory tips on the 
windward side, while it is preserved on the leeward side, strongly 
suggesting, if not actually proving, that the intermediate flat is older 
than the deeper one and was cut away in exposed places while the 
deeper one was forming. This evidence necessitates the deduction 
that in recent geologic time the Virgin Islands, except minor differ- 
ential crustal movement in the vicinity of Anegada, have been sub- 
merged to a depth of about 20 fathoms, and that they were previously 
joined to Porto Rico, a deduction completely corroborated by bio- 

37149—19— Bull. 1083——7 
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logic evidence, for Dr. L. Stejneger says in his herpetology of Porto 
Rico that “St. Thomas and St. John form only a herpetological ap- 
pendix to Porto Rico,” and Dr. P. Bartsch informs me that the 
testimony of the land mollusca is the same as that of the reptiles 
and batrachians. Indentations at depths of about 40 fathoms in the 
outer edge of the submarine bank simulate hanging valleys that may 
have been formed while the sea level was 40 fathoms lower than at 
present. 

In the Virgin Islands there are three tiers of coral reefs, namely, 
(1) on the outer edge of the deepest flat, (2) on the outer edge of the 
intermediate flat, (3) within depths of 10 fathoms or less. The reefs 
could not have been formed on the deepest flat while the scarp on 
the landward side of the flat was being cut, and the other reefs are 
clearly younger than the basements above which they rise, for their 
basements existed and had had a complicated history prior to 
the formation of the living reefs. In fact, the basements were dry- 
land surfaces during at least a part of Pleistocene time. 


CUBA. 


The principal contributors to the literature on the shore-line phe- 
nomena of Cuba are W. O. Crosby,! Alexander Agassiz,? R. T. Hill,? 
Vaughan and Spencer,‘ and Hayes, Vaughan, and Spencer.> I have 
in papers cited on pages 271, 272 referred to some of the features of 
the Cuban shore line as bearing on the conditions under which the hiv- 
ing coral reefs off the shores of the island have formed. W.M. Davis 
has recently alluded to the origin of the pouch-shaped harbors,® and 
here it may be well to direct attention to a criticism made by him 
in his article cited in the foot note. He says: 

It is, however, worth noting that the embayments here considered have a quite 
different relation to the adjacent coral reefs from that found, according to Hayes, 
Vaughan, and Spencer, in the pouched-reef* harbors of Cuba: All the embayments 
I saw inside of sea-level barrier reefs in the Pacific islands occupy valleys older than 
the reefs; but in Cuba the valleys, and still more the subsidence which drowned 
them in producing the pouched harbors, are described by the above-named authors 
as younger than the elevated reefs which inclose them; and such valleys do not bear 
on the origin of the reefs, as appears from the following extract: * * * | 


The extract is followed by comment, then by a quotation from 
Crosby and one from Hill, after which he says: ‘ Without additional 


1 Crosby, W. O., On the elevated reefs of Cuba, Bost. Soc. Nat. Hist. Proc., vol. 22, pp. 124-130, 1883. 

2 Agassiz, A., A reconnaissance of the Bahamas and of the elevated reefs of Cuba in the steam yacht 
Wild Duck, January to April, 1893, Mus. Comp. Zool. Bull., vol. 26, pp. 108-186, 1894. 

3 Hill, R. T., Notes on the geology of the island of Cuba, Mus. Comp. Zool. Bull., vol. 16, pp. 278-281, 
1895. 

4 Vaughan, T. W., and Spencer, A. C., The geography of Cuba, Amer. Geog. Soc. Bull., vol. 34, pp. 105- 
116, 1902. 

5 Hayes, C. W., Vaughan, T. W., Spencer, A. C., Report on a geological reconnaissance of Cuba, pp. 
123, 1902. 

6 Davis, W. M., A Shaler Memorial study of coral reefs, Amer. Journ. Sci., ser. 4, vol. 40, pp. 227-228 
1915. 

7“ Pouched-reef harbors” are words not used in the publication under discussion by Professor Davis. 
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field study it is impossible to say which one of these views is correct, 
but the features of the Pacific reefs that I have seen support Hill’s 
explanation.’’ I have twice published the statement that “ Hayes, 
Vaughan, and Spencer have shown, as is evidenced by the pouch- 
shaped harbors of the Cuban coast and filled channels, such as the 
submerged filled channel in Habana Harbor, that the last movement 
of the Cuban coast has been downward with reference to sea level,” 
and that ‘‘the platform on which the Cuban reefs grow’ has been 
brought to its present position by subsidence.” These remarks 
apply to the present living coral reefs and not to the elevated reefs, 
and the conditions presented by the pouch-shaped harbor is only a 
part of the evidence showing recent submergence of the Cuban shore 
line. 

Professor Davis’s remark that ‘‘all the embayments I saw inside 
the sea-level barriers in the Pacific occupy valleys older than the 
reefs” has no application whatever to the protecting effect a fringing 
reef may have on the shore of a land during elevation subsequent 
to the formation of a fringing reef, thereby permitting erosional 
agencies to operate more rapidly on the softer rocks lying back 
from the shore. The words in the Cuba report are: ‘‘Wherever the 
conditions are favorable for the growth of corals a fringing reef is 
[OWL > yy a 

On preceding pages of this paper I have shown that there were 
coral reefs in Cuba in middle Oligocene time; that there were reef 
corals in both upper Oligocene and Miocene time (this Miocene is 
called upper Oligocene in the Cuba report); and that there are 
Pleistocene as well as living reefs. In the Miocene La Cruz marl in 
the vicinity of Santiago the greatest abundance of reef corals is not 
at the present head of Santiago Harbor, but it is seaward of the town 
of Santiago, east of La Cruz. (For a view seaward through the 
mouth of Santiago Harbor, see pl. 71, fig. B.) Whether the coral 
heads are sufficiently abundant to have retarded erosion toward 
the mouth of the harbor, while it was more rapid on the landward 
side, I am not prepared to say. This, however, was not a fringing 
reef, should it be appropriately considered a reef. 

As to whether the elevated Pleistocene fringing reefs extended up 
to the sides of the outflowing water at the harbor mouths, thereby 
maintaining restricted outlets, or whether channels have been cut 
across the reefs after uplift, either of the alternatives is possible. 
Off the mouths of bays in Antigua, channels are maintained across 
living barrier reefs, which are tied to the shore at one end; while 
off Virgin Gorda, a barrier reef extends perpendicularly across the 
axis of the mouth of a submerged valley. These are living reefs, 
which have grown up during or after submergence and are younger 


1 Not italicized in the original. Note use of present tense, ‘‘grow.”’ 
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than the valleys landward of them. However, as the elevated 
Cuban reefs under consideration are fringing reefs, it seems to me 
more probable that they never extended across the harbor mouths; 
and I will add that the harbor basins had been formed, at least in 
large part, before the development of the now elevated fringing 
Pleistocene reefs. 

Crosby, in 1883, seems to have been the first one to recognize the 
significance of the pouch-shaped harbors of Cuba. He says! 

* * * During this period of elevation, Cuba, like most rising lands, had few 
harbors, but when subsidence began the sea occupied the channels and basins which 
had been excavated and cleared out by the rivers, and thus a large number of harbors 
came into existence. * * * They are half-drowned valleys filled to a consider- 
able depth with land detritus, conditions which could not exist if the land was rising 
or had risen. 


There are very many pouch-shaped along the Cuban coast. The 
following table presents information on 15 of them: 
Principal Cuban harbors. 
Reet eae one Chen, eas 
mum |known| nel antes 
Name. Shape. width, | depth | length, | SermoKe 
Sear | (a Chan): $862 |e esta: each a aWest 
miles pee miles part side. side. 
NORTH COAST. 
Feet. Feet Feet. Feet. 
Bahia Honda.......... Palmately digitate.......... 3.00 259 1.50 | 2,180 30-40 60 
Cabanasea eae ees Trilobate: ss she eee 6.00 79 -50 | 1,825 160 160 
MATIC le ee meee Irregularly digitate........-.- 1.50 372 .60 oT OO mere mas on 
Aa bana sees sec se eee Trilobatessssees eee 42.00 5 60 75 470 200 +10 
INuevitas- 225 sessee a: iBilobateassss sense aoe 7.00 | 6137 4.38 | 1,400 Flat. Flat. 
Page eee es Trregularly bilobate.......-- 7.50 75 1.75 900 Flat. | 7 Flat. 
IBaNeSh sce eee Palmately digitate.......... 3.25 85 1.50 450 8 100 9 150 
INipe: ea sae i ae ee Unequally bilobate..........|.....-.-- 16234 | 52.00} 2,900 8 200 9 200 
Livisa and Cabonico. ..|-..--d0...2.-2 222.222.002.202. 8.00 | 11168 -50 | 1,300 50-75 | 75-100 
Manamostneeoss sees Trregularly bilobate......... 5.38 156 . 63 600 | 120-176 120 
SOUTH COAST. 
Baitiqueris ee ssees2 46 Trilobate head.............. .60 12 33 18 300 590 600 
Guantanamo.......... Trreglarly dumb-bell 5.00 59 3.75 | 6,530 436 310 
shaped. 
Santiagouesseset cece els Winala ternal eyes savannas 1.00 68 38 675 230 220 
Hnsenadarde Moraes Pee Sa aera fos Dee romania ELE HOM ie SAELS SSMU VANS ROSE See ee 
Cienfuegos........----- Unilateral 4.25 | 13139 2.13 1, 200 130 157 
11 sea-mile=6,081 feet. 8 South. 
2110 feet outside at channel mouth. 9 North. 


3 90 feet in channel mouth. 

4 About. 

5 Submerged channel 100. 

6 100 feet frequent. 

7 Coral rock according to A. Agassiz. 


10 180 feet and over frequent. 

11 150 feet frequent. 

12 78 feet at mouth. 

13 214 feet off Pta. Pasa Caballos. 


It is important to note that where the harbors are digitate in 
shape, Bahia Honda for instance, one or more streams enter each 
digitation, and that the mouths of the streams are either embayed 
or, in places, swamps and delta plains have formed. The pouch- 
shaped harbors are not the only indentations of the shore line, for 
the lower courses of all the larger streams are more or less embayed. 


1 Crosby, W. O., On the elevated reefs of Cuba, Bost. Soc. Nat. Hist. Proc., vol. 24, pp. 124-130, 1883. 
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How are the harbors to be explained? Doctor Hayes and I 
believed we found the answer in the conditions at present existing 
along Yumuri River, near Matanzas. The river here empties into 
the sea through a narrow gorge cut through Miocene limestone and 
marls (see pl. 71, fig. C). The top of the gorge is 200 feet above 
sea level, while farther back from the stream altitudes of 400 feet 
or slightly more are attained. Above the gorge, the Yumuri and 
its tributary, Rio Caico, have sunk their courses through the lime- 
stone, have removed it, and have developed wide, almost base-level 
valleys (see pl. 71, fig. D), on the underlying softer sandstone 
and shale. If this basin were depressed sufficiently to let the sea 
into it through Yumuri gorge a pouch-shaped harbor would result. 

Additional evidence bearing on the problem of the origin of these 
harbors was obtained from records of borings. Mr. C. A. Knowlton, 
an engineer at Santiago, reported to us that in boring wells in the 
valley of San Juan River, 3 miles southeast of Santiago, he found 
at a depth of 70 feet below sea level what appeared to be stream 
gravel. Even more convincing evidence was obtained in Habana 
Harbor. In the preparation of plans for a sewerage system the 
Military Governor had a series of borings made across the harbor. 
This harbor occurs in a rather wide valley surrounded by sides 
which slope upward from sea level to an altitude of about 200 feet. 
The borings revealed a submerged terraced valley within the wider 
valley and in the middle of the inner valley a channel reaching a 
depth of more than 30 meters (about 100 feet) below sea level (see 
text-fig. 14). The depth of the first flat above the sides of the 
channel is about 13 meters (about 42 feet) below sea level. This flat 
is now covered with sand and the submerged channel is filled with 
sand and clay. There are at present no known processes whereby 
such a channel and terrace could be developed and then buried, 
except by a higher stand of the land enabling a stream to cut a 
trench and develop a terrace, followed by a lower stand of the land 
which submerged both the channel and the terrace and resulted in 
their burial by sediment deposited over them. 

It appears to me that there is no escape from the interpretation, 
made first by Crosby, that the pouch-shaped harbors are drowned 
drainage basins. Before the accumulation of the data by Hayes, 
Spencer, and me, Hill endeavored to explain them without a shift 
in height of strand-line, but after the additional information was 
presented to him he abandoned his interpretation and accepted ours. 
There is a statement to this effect in a manuscript by him now in my 
possession, and this citation is made with his authority. 

The factors producing the peculiar form of the harbors will now 
be briefly considered. According to Crosby, Hill, and the account 
in our report on Cuba, fringing reefs are supposed to have restricted 
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the mouths of the streams, either by growing up to the edges of the 
outflowing water, a channel thereby being maintained, or because of 
their greater hardness they offered greater resistance to erosion than 
did the softer rocks on their landward side. It is my present 
opinion that the hypothesis of the reefs having more than a secondary 
importance in the development of these ‘features must be discarded 
for the following reasons: First, that such physiographic forms are 
in no wise dependent on the presence of coral reefs is shown by their 
frequency in areas underlain by Cretaceous limestones in Texas. 
Hillcoat Valley in the southwest quarter of the Nueces quadrangle, 
Texas, is such a basin, with a narrow outletinto Nueces River. This 
is only one of a number of instances that might be given. In phy- 
siographic form this basin and its outlet resemble the pouch-shaped 
harbors of Cuba. Second, there is no evidence that corals had any 
more influence in Cuba than in Texas, for instance, Yumuri gorge at 
Matanzas is about 200 feetdeep. The highest important elevated coral 
reef rocks occur at an altitude of about 35 feet above sea level off the 
sidesof the stream mouth. Thestream has cut and maintained a gorge 
through about 165 feet of limestone and marl which are topographi- 
cally above the reef and which are not coral reef rocks, but which 
are bedded and were formed by other agencies. Other instances of 
these relations might be given. 

The conditions around the Elabane Harbor are interesting in this 
connection. Limestone of upper Oligocene or Miocene age occurs 
at the Morro and forms the higher land along the shore east of the 
city, and it outcrops at lower altitudes in the western part of the 
city; but the drainage at the south end of the harbor has cut through 
the limestone and exposed the underlying rocks, serpentine, rotten 
diorite, etc.; and that underground solution is active is indicated by 
the presence of springs along the serpentine contact. The condi- 
tions are here favorable for erosion by both mechanical cutting and 
solution in the area lying behind, while a channel has been main- 
tained across the limestone on the sea front. This basin after it 
was outlined was submerged. 

It is intended to give a much fuller discussion of the Cuban harbors 
in a paper now almost ready for press. The differences in form, and 
the causes to which the differences are due, are worthy of far more 
detailed treatment than is practicable in this place. I will end this 
part of the present discussion by saying that corals have in certain 
instances played a subordinate réle by narrowing the mouth of a 
harbor and by preserving a constricted outlet. That the outlets of 
the basins here considered were constricted by reef rocks, now ele- 
vated, is shown by the conditions in Habana and Santiago harbors, 
and that similar constriction is now taking place by similar agencies 
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is exemplified in many of the West-Indian Islands. As the coral 
rock is usually harder than the rocks on which it rests, after its 
emergence it protects the narrow exit behind which erosion is more 
rapid and enlarges the basin. 

From the remarks already made it appears unnecessary to discuss 
specially which are the older—the drainage basins occupied by the 
harbors or the coral reefs now elevated about 30 feet. However, 
that the Santiago basin is older than the coastal soborruco is shown 
by finding the soborruco within the harbor mouth; and as I found 
recent species of reef corals, apparently in place, on the east side of 
Habana Harbor, south of the Morro, at a height of 30 feet above sea © 
level, the 30-foot reef seems to extend into the mouth of Habana 
Harbor. The valleys are clearly older. On page 264 of this paper a 
special point was made of the unconformity between the elevated 
Pleistocene reefs and the underlying Miocene material and the in- 
ference was drawn that the reefs were formed during subsidence after 
erosion of the basement under them. ‘This is precisely the interpreta- 
tion Professor Davis had made of the relations in the elevated reefs 
of the New Hebrides, but it seems such relations may develop in the 
same cycle, and, in my opinion, they are of slight importance in their 
bearing on the general theory of coral-reef formation. 

The Isle of Pines furnishes important information on changes in sea 
level around Cuba. This island is nearly opposite Habana, 60 miles 
south of the south coast of Cuba, from which it is separated by water 
less than 10 fathoms deep. It comprises two parts, a southern which 
is mostly swamp, and a northern which is topographically higher. 
The surface of the northern division is mostly a plain, really a 
peneplain (see pl. 72, fig. A), above whose surface stand monadnocks 
of harder rocks (pl. 72, fig. B). This island is very different from 
the main island for, as no Tertiary or Cretaceous marine deposits 
are known to occur on it, it appears to have remained above sea 
level during these periods, but it has experienced the later changes 
of sea level which affected the larger island and during Pleistocene 
time it was joined to Cuba. The peneplain was formed at a lower 
level than that at which it now stands, it was then sufficiently uplifted 
to permit streams to cut into it, and has then been depressed, 
thereby drowning the mouths of the streams, but not bringing the 
plain surface so low as it formerly stood (pl. 72, fig. C). The 
coast line of the Isle of Pines and that of Cuba immediately north of 
it both are indented by the embayment of stream mouths through 
geologically recent submergence. 

That the Isle of Pines was joined to Cuba during Pleistocene time 
is shown convincingly by its land fauna. Every species of reptile, 
except one, found on it, Dr. L. Stejneger informs me, is known to 
occur in Cuba, and two species of the mammalian genus Capromys 
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‘are common to both. Dr. Paul Bartsch tells me that the Isle of 
Pines is only ‘‘a chunk of Cuba”’ and that its land Mollusca represent 
a faunal area as closely related to the faunal areas of Cffba as are 
the different faunal areas in Cuba to one another; that is, faunally, 
the Isle of Pines is simply a portion (a faunal area) of Cuba. There- 
fore, it is clear that the Isle of Pines has been severed from Cuba in 
the latest Pleistocene or Recent geologic time. 

Practically all the Cuban shore line has now been considered except 
that on the north side of the Province of Pinar del Rio, within the 
Colorados Reefs. Guadiana Bay is a nearly typical estuarine em- 
bayment, while slighter embayment of other stream mouths is 
indicated, and lines of islands extend seaward from some headlands. 
The shore line clearly indicates submergence. Mr. J. B. Henderson 
and Doctor Bartsch, however, tell me that there is pose evidence 
of minor uplift west of Guadiana Bay. ! 

The Cuban shore line as a whole shows evidence of Recent or latest 
Pleistocene submergence, and this submergence has influenced the 
modern coral-reef development. 

Regarding the amount of Recent submergence of the Cuban shore 
line, reference to the table on page 282 shows that there is close ac- 
cordance in the depths of the channels or harbors, except certain 
ones that will be discussed later. These indicate that prior to the 
last submergence the land stood about 100 feet or slightly more, 
about 20 fathoms, higher than at present. The amount of emergence 
would establish a broad land connection with the Isle of Pines. 

The discrepant harbors are Nuevitas Bay, which shows an excess 
of only about 27 feet, Nipe and Tanamo bays, and the channel 
leading from Livisa and Cabonico bays, on the north coast, and 
Cienfuegos on the south coast. The harbors with the discrepant 
depths on the north coast all occur on the north side of the Province 
of Oriente and at the eastern end of the Province of Camaguey. 
They seem to indicate deeper submergence than at other places and 
that the submergence has not been uniform in amount for the entire 
coast. However, the depths do not contradict a Recent rise of sea 
level to an amount of about 20 fathoms. The harbor of Cienfuegos 
would be expected to be abnormal, for the fault line which runs 
northward from Cape Cruz intersects the shore line at its mouth 
(see text-fig. 15). It is possible that structural relations have also 
influenced the depths in the other harbors and channels that are 
discrepant. Regarding these it will be said that except Nuevitas 
Harbor they occur within a linear distance of 31 miles. Nipe Harbor, 
the westernmost of the group, lies on the north side of Loma de 
Mulas, while it, Livisa, Cabonico, and Tanamo harbors all are on 
the north side of Sierra Cristal. 


1 Henderson, J. B., Cruise of the Tomas Barrera, pp. 161-164, New York, 1916. 
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The great extent and relatively uniform height of a coral-reef— 
terrace between 30 and 40 feet above sea level favors the interpreta- 
tion that he geologically Recent shift in position of strand line has 
been without pronounced crustal deformation. 

The relations of the off-shore reefs to the platforms on which they 
grow will now be briefly considered. A detailed description of the 
reeis is unnecessary here, as it would be only a repetition of that 
already given by A. Agassiz! and the accounts contained in the 
West Indies Pilot.? It need only be stated that the best developed 
off-shore reefs on the north coast are the Colorados Reefs, between 
Bahia Honda and Cape San Antonio; and that off the south coast 
the best are those between Trinidad and Cape Cruz and those east 
and west of the Isle of Pines. Mr. John B. Henderson has devoted 
attention to the Colorados Reefs in his ‘‘Cruise of the Tomas 
Barrera.”” Have the reefs off the south coast grown up on the 
surface of preexistent platforms or are the platforms due to infilling 
behind a reef during subsidence ? 

The area between Trinidad and Cape Cruz will be considered 
first. The fact that the reefs form disconnected hillocks or mounds, 
sometimes of mushroom shape, above a plain surface, which in places 
is 50 miles wide along a line perpendicular to the shore, while on 
the seaward side of the reefs there are large areas of shallow platforms, 
without any margining reefs, seems conclusive evidence against the 
platform having been caused by infilling behind reefs. 

The following, in my opinion, is the correct explanation: The lit- 
toral geologic formations from Cape Cruz to Trinidad are mostly 
upper Oligocene or Miocene marls and limestones which dip under 
the sea at relatively low angles. They dip into the Cauto Valley, 
which is a gently pitching syncline, and into its seaward continua- 
tion, the Gulf of Guacanayabo. The embayment northeast of Boca 
Grande passage is probably also synclinal in structure. The abrupt 
undersea termination of the platform is most reasonably explained 
by a submarine fault which runs from Punta Sabanilla, at the mouth 
of Cienfuegos Harbor, to Cape Cruz. The coral reefs have grown 
up on the surface of a plain underlain by geologic formations that 
were gently tilted seaward and faulted along the line indicated. 

That the Isle of Pines was joined to Cuba during Pleistocene time 
has, I believe, been shown in a convincing manner. As the Miocene 
and upper Oligocene formations from Batabano to Pinar del Rio dip 
under the sea at low angles they must underlie the flat bottom of 
the Gulf of Batabano. That the submarine slope from East Guano 
Key to off Cape San Antonio is determined either by a fault or by a 
very steep flexure is clearly indicated, as off the south shore of the 


1 Bull. Mus. Comp. Zool., vol. 26, pp. 133-136, 1894. 
2 West Indies Pilot, vol. 1, pp. 199-332, 1913 (U. S. Hydrographic Office). 
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Isle of Pines the descent from the shore in 9 sea-miles is 13,080 feet, 
a Slope of about 1 in 4. The Gulf of Cazones appears to have been — 
outlined by faulting. This shelf differs from the one considered in 
the preceding paragraph, in that the Isle of Pines, whose area is 
about 1,200 square miles, stands on its outer margin, and apparently 
has affected the course of the fault. However, there was here also 
an undersea flat, which was produced by the gentle seaward tilt of 
low-lying geologic formations, and its outer margin was also deter- 


100 


‘SC. Corrientes 
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Fic. 16.—CHART OF COLORADOS REEFS, CUBA. FROM U. S. HYDROGRAPHIC CHART NO. 966. 


mined by faulting. The living reefs are growing on its submerged 
unfaulted part, above which they rise as disconnected patches or as 
a broken barrier. 

The Colorados reefs (text-fig. 16) grow as patches of barrier reefs 
or upon a shelf, which, according to Henderson, largely consists of 
coral rock that had been uplifted above the sea and then depressed.! 

The conditions under which the Cuban offshore reefs are growing 
can be very easily summarized, as follows: (1) They are superposed 


1 Henderson, John B., Cruise of the Tomas Barrera, pp. 62-64, 126-130, 1916. 
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on flats submerged in geologically Recent time; (2) the amount of 
the submergence of Cuba was about 100 feet. 


BAHAMAS. 


Alexander Agassiz has in his reconnaisance of the Bahamas! the 
following very significant statement: 

May we not to a great extent measure the amount of subsidence which must have 
taken place at certain points of the Bahamas by the depth attained in some of the 
so-called ocean holes, as marked on the charts? Of course we assume that they were 
due in the aeolian strata to the same process which has on the shores of many islands 
formed potholes, boiling holes, banana holes, sea holes, caverns, caves, sinks, cavities, 
blowholes, and other openings in the aeolian rocks. They are all due more or less to 
the action of rain percolating through the aeolian rocks and becoming charged with 
carbonic acid, or rendered acid by the fermentation of decomposed vegetable or ani- 

mal matter or by the action upon the limestone of sea water or spray under the most 
varying conditions of elevation and of exposure. None of them have their upper 
openings below low-water mark, though some of them may reach many feet below 
low-water level. Ocean holes were formed in a similar way at a time when that part 
of the bank where they exist was above high-water mark, and at a sufficient height 
above that point to include its deepest part. The subsidence of the bank has carried 
the level of the mouth and of the bottom of the hole below high-water mark. 

From the description of the strata which crop out upon the banks in the vicinity of 
some of the ocean holes at Blue Hole Point, there seems to be little doubt that the 
stratification characteristic of the aeolian rocks has been observed. 

The deepest of the holes mentioned by Agassiz has a depth of 38 
fathoms, ‘‘in the extension of the line of Blossom Channel leading 
from the Tongue of the Ocean up on the bank.” 

I have had opportunities to study such ‘‘holes”’ or solution wells, 
above sea level in Florida and have examined many of them, both 
above and below sea level, in the Bahamas. Mr. E. W. Fork 
sounded other ‘‘holes”’ and reported the results tome.? The depths of 
the holes range from about 2 fathoms to as much as 33 fathoms, the 
deepest hole in Fat Turtle Sound, North Bight, Andros Island, 
sounded by Mr. Forsyth. As in my opinion Agassiz’s deduction as 
to the origin of these holes is incontrovertible, they indicate a stand 
of the land during Pleistocene time at least 228 feet higher than at 
present. Shattuck? and Miller accept a higher stand of 300 feet, 
followed by submergence of 300 feet, and conclude that this move- 
ment in strand-line position was followed by emergence, to an amount 
between 15 and 20 feet. From my own experience in the Bahamas 
the last change in the position of strand line was accompanied by 
minor differential crustal movement. For instance, at Nicollstown 
Light, Andros Island, a sea cave stands at such a height above the 
sea as to. show conclusively an elevation of 18 feet above the position 


1 Mus. Comp. Zool. Bull., vol. 26, pp. 41-42, 1894. 
2 Vaughan, T. W. Roeeecie Inst. Washington Yearbook No. 13, p. 29, 1915. 


3 Shattuck, G. B., and Miller, B. L., Physiography and geology of the Bahama Islands, The Bahama 
Islands, pp. 19, 20, 1905. 
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at which it was formed; but 4,000 feet southeast of the cave the 
elevation is only about 4 feet in amount. I have given more infor- 
mation on this minor uplift in the paper referred to in the footnote.! 

Agassiz, Shattuck, and Miller, and I. agree as to the geologi- 
cally Recent submergence of the Bahamas. 

The accompanying diagram (text-fig. 17) indicates the relations 
of the barrier reef off the west side of Andros Island to the platform 
on the edge of which it is growing. This reef is growing on the edge 
‘of a platform that had stood above sea level at least as much as 192 
feet. It was perforated by solution wells and then submerged. The 
perforations in the platform show that it antedates the barrier reef, 
and that its formation is not dependent on agencies associated with 
the presence of the reef. There is here another instance of a reef 
formed during or after submergence, and superposed on the surface 
of an antecedent platform. 
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Fig. 17.—DIAGRAMMATIC SECTION ACROSS THE BARRIER REEF, ANDROS ISLAND, BAHAMAS. 


The relative importance of the constructional réle of the living 
reef will be briefly mentioned. The Pleistocene oolite of the Bahamas 
is not coral-reef rock, as was contended by A. Agassiz. It is composed 
of calcium carbonate chemically precipitated on extensive submarine 
flats.2 I have several times published the estimate ‘‘that on Andros 
Island, Bahamas, the ratio of the constructive work of the present 
reef to that of agencies that previously resulted in the formation of 
the Pleistocene oolite is approximately as 1 to several thousand, or, 
as a constructive agent, chemical precipitation has been several 
thousand times more effective in forming limestone than corals.’” 

Before passing to the discussion of the next area it should be 
pointed out that the amount of submergence of the Bahamas, 228 


1 Carnegie Inst. Washington Yearbook No. 13, p. 229, 1915. 

2 For the most recent discussions of this subject, see Vaughan, T. W., Some shoal-water bottom samples 
from Murray Island, etc., Carnegie Inst. Washington Pub. 213, pp. 277-280, 1918; Chemical and organic 
deposits of the sea, Geol. Soc. Amer. Bull., vol. 28, pp. 933-944, 1918. 

’ Wash. Acad. Sci. Journ., vol. 4, pp. 26, 27, 1914; Carnegie Inst. Washington Pub. 213, p. 279, 1917. 
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feet, is greater than that, about 120 feet, indicated for the areas 
already considered, unless the notches in the outer edges of the St. 
Martin Plateau and the Virgin Bank really indicate a position of sea 
level 40 fathoms lower than present sea level. 


BERMUDAS. 


Alexander Agassiz has given a good account of proto-Bermuda, that 
is of the extent and general physical character of the Bermudas pre- 
vious to the submergence that has left the group in very nearly the 
form in which we now know it.t Recently Prof. L. V. Pirsson has con- 
tributed two highly valuable articles to the literature on the geology 
of the islands, basing his interpretations largely upon a study. of 
samples from a well bored in Southampton Parish, on the slope of a 
hill about a mile west of the lighthouse on Gibbs Hill, from a neiont 
of 135 feet above sea level to a depth of 1,413 feet below the surface, 
or to a depth of 1,278 feet below sea level.’ 

There were Tee Tt in the well mentioned three major classes 
of material, as follows: (1) From the surface to a depth 383. feet 
below it, limestone; (2) from 383 feet to 600 feet, oxidized volcanic 
material; (3) below 600 feet to 1,413 feet, with one shght exception, 
basaltic, usually black lava. Pirsson concludes the first of his two 
articles with the following statement: 

It appears to the writer that what has been learned regarding the history of the 
Bermuda volcano has an important bearing on the question of the way in which the 
platforms on which coral islands, barrier reefs and atolls are situated, have been 
formed. There is of course nothing new in the idea that these may be volcanic in 
origin, only in Bermuda we have once more a positive demonstration of the fact. We 
have also seen that, provided the volcanic masses are of sufficient antiquity, they 
may, even though of great size, have been reduced to sea level, furnishing platforms 
of wide extent. As mentioned above, such masses reduced to sea level would con- 
tinue to project from the ocean abysses indefinitely and many of them may be of great 
geologic age. There is nothing in the mere size of any of the atolls of the Pacific which 
would preclude their being placed on the stumps of former volcanic masses; it is not 
intended to assert by this that the foundation in every case is necessarily a volcanic 
one. Ifsuch masses have once been brought down to sea level and continue to exist 
and that level changes within limits from time to time by warpings in different places 
of the sea floor, or by an accumulation of ice on the lands and its melting, as suggested 
by Daly, then conditions of shallow water over them may be established suitable for 
their colonization by those organisms concerned in the production of the so-called 
coral reefs, which may be formed under the conditions postulated by Vaughan. 


It was the understanding between Professor Pirsson and me that 
I should prepare a report on the calcium-carbonate samples. The 
following is a preliminary statement, accompanied by determinations 
of the Foraminifera by Dr. Joseph A. Cushman. 


1 Agassiz, Alexander, A visit to the Bermudas in March, 1894, Mus. Comp. Zool. Bull., vol. 26, pp. 273- 
277, pl. 2, 1895. 

2 Pirsson, L. V., Geology of Bermuda Island, I. The igneous platform, Amer. Journ. Sci., ser. 4, vol. 38, 
pp. 189-206; II. Petrology of the lavas, Idem., pp. 331-344, 1914. 


294 


BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


Preliminary description of the limestone samples and list of species of Foraminifera from 


the Bermuda well. 


No. of specimen 
and depth 
below surface. 


Description. 


Species of Foraminifera. 


1 (0-6 feet) 


2 (61-110 feet) 
| 


3 (110-216 feet) 


4 (216-241 feet) 


5 (241-286 feet) 


6 (286-331 feet) 


7 (331-341 feet) 


8 (341-383 feet) 


Light cream-colored limestone; mixture of cal- 
cite and aragonite; most of the constituent 
particles angular; largely or mostly broken 
remains of organisms; occasional small round 
grains 0.10 mm. or less in diameter, may be 
aggregates of chemically precipitated calcium 
carbonate. Largely or mostly an organic 
limestone. 


Light cream-colored limestone; mixture of cal- 


cite and aragonite; constituent particles most- 
ly angular, Foraminifera and broken tests of 
other organisms present; a few rounded grains 
0.04 mm. or less in diameter, may be aggre- 
gates of chemically precipitated material. 
Largely or mostly an organic limestone. 


Light cream-colored limestone; mixture of cal- 
cite and aragonite, apparently but little ara- 
gonite; largely a recrystallized limestone, 
without conspicuous grains; some small pock- 
ets contain pulverulent calcium carbonate; 
some pieces granular. A few grains 0.05 to 
0.8 mm. in diameter resemble small oolite 
grains. The rock is mostly a foraminiferal 
limestone, the Foraminifera embedded in a 
eryptocrystalline matrix. - 


Whitish limestone, very slight yellowish tinge, 
some blackish particles; mixture of aragonite 
and calcite; specimen consists mostly of broken 
rock fragments; an occasional small pebble, 
one 2.5 mm. as maximum diameter; constit- 
uent material largely organic, Foraminifera 
fragments of mollusks, shells, etc. Most small 
particles angular; a few less. than 0.12 
mm. appear oolitic. One 0.09 by 0.17 mm. 
in size had form ofan oolitic ellipsoid. Mostly 
an organic limestone. 


Whitish, faintly yellowish, pulverulent lime- 
stone; mixture of calcite and aragonite. Com- 
paratively few tests of organisms, some Fora- 
minifera, many small rounded grains and 
cryptocrystalline material. Some ofthe round 
grains appear oolitic; one of these is 0.11 by 
0.15 mm. in size. It appears that a consider- 
able proportion of this bed is a chemical pre- 
cipitate. 


White, pulverulent limestone; mixture of cal- 
cite and aragonite. No organic tests were ob- 
served. Round grains up to 0.1 or 0.2 mm. 
appear to be oolite; small round grains 0.04 
mm. in diameter. Much cryptocrystalline 
material. This bed appears to be largely a 
chemical precipitate. 


White, friable limestone; mixture of calcite and 
aragonite. Round grains which range in di- 
ameter from 0.22 to 0.45 mm., may be oolitic. 
Small grains, 0.09 mm. in diameter seem defl- 
nitely oolitic. Besides the rounded, there are 
broken angular grains and much cryptocrys- 
talline material. Few or no organic tests. 
aoe appears to be largely a chemical precip- 
itate. 


Light-colored, earthy, yellowish-gray, impure 
limestone; some iron pyrites; mostly calcite, 
if aragonite is present the proportion is small. 
Many Foraminifera, Nummulites, fragments of 
coral, Bryozoa, etc.; many rounded grains 
which may be detrital; no definitely oolitic 
grains were observed. A thin section shows 
many Foraminifera embedded ina cryptocrys- 
talline matrix. This bedisanimpure, forami- 
niferal, shoal water limestone. It may con- 
tain some chemically precipitated material. 


Textularia agglutinans d’Orbigny. 

Polystonels striatopunctata Fichtel 
oll. 

Polystomella species. 

Amphistegina lessonii d’Orbigny. 

Quinqueloculina reticulata d’Orbigny. 

Q. oblonga Montagu. 

Q. auberiana d’Orbigny. 

Peneroplis pertusus Forskal. 

Orbiculina adunca Fichtel & Moll. 


Textularia agglutinans d’Orbigny. 

Polystomella striatopunctata Fichtel 
& Moll. 

Polystomella species. 4 

Amphistegina lessonii d’Orbigny. 

Quinqueloculina reticulata d’Orbigny 

Q. auberiana d’Orbigny. 

Orbiculina adunca Fichtel & Moll. 


Clavulina angularis d’Orbigny. 

Planorbulina larvata Parker 

Truncatulina species. 

Polystomella striatopunctata Fichtel 
& Moll. 

Amphistegina lessonii d’Orbigny. 

Triloculina cf.. T. circularis Borne- 
mann. 

Orbiculina adunca Fichtel & Moll. 


Jones. 


Truncatulina species. 

Pulvinulina canariensis d’Orbigny. 

Polystomella striatopunctata Fichtel 
& Moll. 

Polystomella species. 

Amphistegina lessonii d’Orbigny. 

Triloculina linneana d’Orbigny. 

Orbiculina adunca Fichtel & Moll. 


Bolivina species. 

Truncatulina species. 

Discorbis vilardeboana d’Orbigny. 
Amphistegina species. 
Quinqueloculina reticulata d’Orbigny. 
Biloculina species. 


None reported. 


Amphistegina species. 


Nummulites species. 
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This examination reveals three kinds of limestone, the uppermost 
of which subsequently may be subdivided. The three divisions are 
as follows: 

Specimens 1—4 (0-241 feet) represent a limestone which is largely or 
mostly of organic origin, but which may contain a few grains of 
chemically precipitated material. This corresponds to the upper 
faunal division recognized by Cushman. 

Specimens 5-7 (241-341 feet) represent a pulverulent limestone, 
composed of rounded grains imbedded in finely crystalline material. | 
The grains in their size and shape resemble oolite, and some grains 
showed with greater or less distinctness suggestions of oolitic struc- 
ture. The foraminiferal fauna is meager, but it differs from that of 
specimens 1-4 and the underlying bed represented by specimen 8. 
It seems safe to draw the inference that this division of the lime- 
stone is in part, at least, a chemical precipitate. 

Specimen 8 (341-383 feet) represents an impure, foraminiferal, 
earthy limestone, or a calcareous marl, in which there may be some 
chemically precipitated material. This bed is the uppermost in 
which the Nummulites reported by Cushman occur. It was also 
found in the underlying bed No. 9, 383-393 feet. 


Probable geologic age of the limestone in the Bermuda well. 


[Height of well mouth above sea level, 135 feet.] 


Samples. g Probable geologic age. 
romp =2Aleioets, les Ls ee ek ait Recent and Pleistocene. 
HromyZ Al 2SGuleeter! sini ie ks oc ee eye a lle Pliocene or Miocene. 
From 331-341 feet.......- ARE ECL OES Nothing determinable. 
JRO TD BY SIOR) 5 Cay heey oe eee eee cape Oligocene or Eocene (Nummulites). 
Bromisg3—480 leets 2 oss lc. leet eee cee Kocene? (no Nummulites). 


An outline of the geologic history of the Bermudas subsequent 
to the volcanic activity seems to be as follows: 

Doctor Cushman’s identification of the Foraminifera from the 
Bermuda well shows the presence of an undetermined species of 
Polystomella between 393 and 480 and between 480 and 485 feet. 
These depths are well down in the oxidized zone and indicate marine 
conditions which persisted throughout the deposition of the super- 
incumbent material. Other Foraminifera occur between 383 and 393, 
one of them being a species of Nummulites, which was also obtained 
from the basal bed of limestone at a depth of 341 feet. As the 
genus Nummulites is, according to our present knowledge, confined 
to the upper Kocene and Oligocene formations in the southeastern 
United States and the West Indies, the inference may be drawn that 
the Bermuda samples between 341 and 393 feet probably represent a 
geologic formation of either Eocene or Oligocene age, and that those 
from 393-485 feet represent a formation of probably Hocene age. 

37149—19—Bull. 1083——_8 
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Until the specimens of Nummulites from the Bermuda well have 
been identified with species of known stratigraphic position a more 
definite statement can not be made. It appears safe to assign an 
HKocene or pre-Kocene age to the Bermudian volcanic activity. 

The calcareous sediments, therefore, began to accumulate on a 
submerged volcanic basement in Eocene or lower Oligocene time, 
and the submergence progressed until the basement, in probably 
Miocene time, was entirely blanketed by calcareous deposits 100 
feet thick, which differ in their physical aspect both from the under- 
lying nummulitic rock and the overlying organic limestone.. This 
rock is probably in considerable part a chemical precipitate. The 
well samples indicate no stratigraphic break at either its top or it 
base. 

The limestone from a depth of 241 feet to the surface is a shoal- 
water, organic deposit, in which living species of Foraminifera are 
abundant. Its age is probably Pleistocene, although the lower part 
may prove to be Pliocene. The shoal-water nature of the limestone 
indicates continued slow subsidence. 

The subsidence which apparently had been interrupted by no 
period of emergence since Oligocene time was succeeded in Pleisto- 
cene time by uplift to an amount of probably more than 100 feet. 
All the surface rock of the Bermudas except some in areas of low 
elevation is considered by the geologists who have visited the islands 
to be eolian deposits. However, certain of the published illustra- 
tions suggest that in some exposures there are in the bedding hori- 
zontal planes intersecting the inclined layers. Cross-bedding between 
horizontal planes is a structure characteristic of shoal-water or beach 
deposits but not of eolian deposits. A more critical study of the 
bedding of the Bermudian rocks may discriminate elevated cross- 
bedded water-laid and eolian deposits. However this may be, the 
period of uplift under consideration was the time of the Greater Ber- 
muda, which has been admirably described by Wiliam North Rice, 
A. Agassiz, and A. E. Verrill. According to the latter, the area of 
Greater Bermuda was somewhat more than 230 square miles, or about 
11 times that of the present land surface, which is estimated as hay- 
ing an area of 19} square miles.! The evidence indicates that the 
elliptical area inclosed by the outer reefs was entirely above sea level, 
as perhaps also were the surfaces of Challenger and Argus banks. 

The last important change in the relations of sea level was, as 
Verrill has so ably shown, submergence to an amount of about 100 
feet, reducing the land area from that of 230 square miles during the 
period of Greater Bermuda to that of 193 square miles, the present 


1Conn. Acad. Arts and Sci. Trans., vol. 12, p. 52, 1905. 
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area. The evidence is not decisive as to there having been a slight 
emergence, of 6 to 10 feet, since the great submergence. 

As Verrill has shown, the Bermuda limestone is composed not of 
coral débris, except in a subordinate proportion, but is made up Of 
broken, more or less triturated, calcareous tests, largely of mollusks. 
He designates the material as ‘‘shell sands.”” The Bermudas are, 
therefore, inappropriately called ‘coral islands.” The recent corals 
are growing on a foundation of older lime rock, brought into its 
present relation to sea level by submergence. 

In that the last dominant change in the position of its strand line © 
was by submergence, Bermuda accords with the Florida coast, the 
Bahamas, Cuba, and most of the smaller West Indian islands. 


FLORIDA. 


Strand-line oscillation in Florida has attracted the attention of 
many geologists, among whom may be mentioned Shaler, Heilprin, 
and Dall of the earlier investigators, and Matson, Sanford, Sellards, 
Shaw, and myself of the later ones. .Shaw and I have recently 
reviewed the subject. That subsequent to formation of the Pleis- 
tocene barrier reef of Florida, the reef tract was elevated to a height 
about 50 feet above its previous stand and that this elevation was 
followed by submergence to an amount of about 30 feet is shown by 
(1) a submerged cave at Miami; (2) submerged solution well below 
sea level, near Kast Bahia Honda Key; ? (3) submerged peat bed at 
Key West; (4) submerged indurated, cemented, recrystallized oolite 
under the Marquesas; (5) submerged wave-cut terrace front at 
Tortugas. 

In addition to this evidence Shaw and I say in the paper cited: 


Additional deductions of importance may be made from the submarine physiography 
at depths beyond 10 fathoms. Although the investigations are at present only in a 
preliminary stage, it may be said that along the sides of the Gulf Stream from opposite 
Miami to Satan and Vestal Shoals, just west of Sand Key, the Coast and Geodetic Survey 
charts indicate fairly uniform slopes from 10 to 100 fathoms, but there may be narrow 
terraces which are not brought out by the soundings. West of Vestal Shoal the sea 
bottom drops suddenly from 10 to 20 fathoms, with a flat or gently sloping surface 
between 21 and 28 fathoms. South of Coalbin Rock there is an escarpment between 
10 and 30 fathoms, a flat or gentle slope between 30 and 40 fathoms, and another flat 
or gently sloping area between 40 and 50 fathoms. The soundings are not sufficiently 
numerous to trace surfaces with a feeling of confidence, but the scarp from 10 to 
between 25 and 30 fathoms is clear cut and can be followed for 25 miles to the west end 
of the Quicksands. Westward in the vicinity of Tortugas there are, besides, the 
bottom of Tortugas lagoon and the surface of the shoal 7 to 10 miles west of Loggerhead 
Key, two undersea terrace plains, one at a depth of 15 to 17 fathoms, the other, which 
is a large plain west of Tortugas, ranges in depth from 28 fathoms on its landward to 
36 fathoms on its seaward edge, and has an east and west width of 10 miles. The 15 
to 18 fathom flat is especially well developed south and southwest of Tortugas. It is 


1 Vaughan, T. W., and Shaw, E. W., Geologic investigations of the Florida coral-reef tract, Carnegie 
Inst. Washington Yearbook No. 14, pp. 232-238, 1916. 
2 Oral communication of Mr. Samuel Sanford. 
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separated by a scarp from the 28 to 36 fathom flat, and by another scarp from the 


shallower levels in Tortugas. 


The presence of the continuous scarp from Coalbin Rock 


to off the west end of the Quicksands, with a depth of 25 to 30 fathoms at its foot, and 
the presence of a terrace 28 to 36 fathoms deep, 10 miles wide, and bounded on its land- 
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Fig. 18.—CHART OF NORTHERN END OF FLORIDIAN BARRIER REEF. FROM UNITED STATES COAST AND 


GEODETIC SURVEY CHART NO. 165. 


ward margin by a similar scarp, suggest that the portion of the Florida reef tract west 
of Key West at one time stood some 20 fathoms higher than now, while the 15 to 18 
fathom terraces suggest another, shallower stand of sea level. 
Although the tracing of the oscillations of the Florida reef tract can not now be 
made in detail, it seems probable that it at one time stood more than 120 feet higher 
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than at present (and has been submerged to asimilar amount). Besides the suggested 
larger swing there have been intermediate stands of sea level and numerous minor 
oscillations. The last movement of importance was one of submergence, but subse- 
quent to it there has been a minor uplift of some 10 feet or slightly more in the vicinity 
of Miami. 

The accompanying figure (fig. 18) shows that the flat that the living 
barrier-reef margins or above which coral-reef patches rise extends 
beyond the northern reef limits, near Fowey Rocks. The living bar- 
rier reef has developed seaward of the Pleistocene barrier near the edge 
of a previously prepared platform, for the continuity of the platform 
irrespective of the presence of the reefs shows that its origin is inde- 
pendent of them. 

- CAMPECHE BANK. 

The best known reef on the Campeche Bank is Alacran Reef, which 
was described by A. Agassiz in considerable detail in 1888.!. (See 
pl. 73, photograph of model.) MHeilprin in 1891? said regarding 
Yucatan, “the evidence is all but conclusive that there has been 
recent subsidence”; but I am unable to discover in his article the 
basis of this opinion. Dr. C. W. Hayes orally informed me shortly 
before his deeply lamented death that there is clear evidence of 
recent submergence around Terminos Lake at the base of the penin- 
sula on its west side. The lagoons between Progreso and Holbox 
Island are strongly suggestive of submergence. There is a steeper 
slope between about 20 and 28 on the outer edge of the bank, indi- 
cating change in position of sea level by submergence, similar to the 
change already recorded for St. Thomas and other West Indian 
islands. 

In this connection the following quotation from Alexander Agassiz 
will be introduced :3 

In fact, what I have seen so far in my exploration of the coral reefs of the, West Indies 
would show that wherever coral reefs occur, and of whatever shape, they form only a 
comparatively thin growth upon the underlying base, and are not of great thickness. 
In Florida they rest upon the limestones which form the basis of the great peninsula. 
On the Yucatan Bank they are underlain by a marine limestone. In Cuba they abut. 
upon the Tertiary limestones of its shore. Along Honduras, the Mosquito Coast, and 
the north shore of South America they grow upon extensive banks or shoals, parts of 
the shore plateau of the adjoining continent, where they find the proper depth. 

I doubt if there is any one bold enough to claim that Campeche 
Bank has been formed by infilling behind a barrier reef, for it is too 
obviously due to a large gentle flexure of the earth crust or some 
other kind of broad structural uplift, and that in suitable places 
coral grows on the surface of the submarine plateau formed in the 
manner indicated. E. W. Shaw‘ collected a few bottom samples 6 to 


1 Agassiz, A., Three cruises of the Blake, vol. 1, p. 71, 1888. 

2 Heilprin, A., Geological researches in Yucatan, Phila. Acad. Nat. Sci. Proc. for 1891, p. 148. 
3 Mus. Comp. Zool. Bull., vol. 26, p. 172, 1894. 

4 Shaw, E. W., Oral communication. 


300 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


8 miles off shore at Progreso, and in these he found only two fragments 
of coral, the main mass of the samples being shell fragments. 


HONDURAN REEFS. 


Although this is an important barrier reef, its length being 125 
sea-miles, I know of no adequate published description of it, nor of 
any published account of the shore line or of the oscillations of the 
strand line behind it. The configuration of Honduras Bay and ot 
the Gulf of Dulce, which lies inland from it and is connected with it 
by a waterway, as well as that of Chetumal Bay, points clearly to 
submergence. The reef occupies the outer edge of a platform 10 to 
22 miles wide and is separated from the shore by a channel from 11 
to 33 fathoms deep. This is a remarkably continuous barrier reef, 
but it shows discontinuity at its southern end and therefore evidence 


of superposition. 
MOSQUITO BANK. 


Hayes, although he was not giving particular attention to coral 
reefs, has made one of the finest studies of a shore line in a coral- 
reef area as yet published! The following is quoted from his 
article :? 

7. In middle Tertiary time the region was elevated and subjected to long-continued 
subaerial degradation, and the narrower portion of the isthmus was reduced to a pene- 
plain, with monadnocks at the divide near the axis. There is no evidence that open 
communication has existed between the two oceans across this portion of the isthmus 
since the middle Tertiary uplift. 

8. In post-Tertiary time the region was again elevated and the previously developed 
peneplain deeply trenched. 

9. A recent slight subsidence has drowned the lower courses of the river valleys, 
and the estuaries thus formed have subsequently been filled with alluvial deposits. 

J. E. Spurr furnished me a note? confirming Hayes’s deduction 
regarding the submergence of the lower courses of the streams on 
the east coast of Nicaragua. Subsequently I had profiles drawn 
across Mosquito Bank (see text fig. 11, page 275). These indicate 
submergence to an amount of about 20 fathoms. As on Mosquito 
Bank there is a submerged terrace front between about 20 and 25 
fathoms in depth, the bank had to exist previous to formation of 
that feature, and as the living reefs grow on the shallower flats, 
which according to available evidence was out of water during at 
least a part of Pleistocene time, they are necessarily superposed on 
an antecedent basement. Furthermore, the enormous area of the 
flat and the relatively small areas occupied by living reefs, lead to 
the same conclusion—that is, the living reefs are merely growing on 
parts of a submarine plateau where conditions favor their life. 


1 Hayes, C. W., Physiography and geology of region adjacent to the Nicaragua Canal route, Geol. Soc. 
Amer. Bull., vol. 10, pp. 285-348, pls. 30-32, 1899. 

2Tdem, p. 348. 

3 Amer. Geog. Soe. Bull., vol. 46, p. 429, 1914. 

4 Wash. Acad. Sci. Journ., vol. 6, pp. 57, 62, 1916. 
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The shore-line phenomena of Panama and Costa Rica have been 
carefully described by D. F. MacDonald in his forthcoming report 
on the physiography and geology of the Canal Zone and adjacent 
areas. His conclusions in general accord with those I have expressed 
for other areas. 

SOME OTHER WEST INDIAN ISLANDS. 


R. T. Hill in 1899! pointed out ‘‘that Jamaica was once a more 
extensive land than now, with benched and terraced margins which 
were submerged by subsidence,” and that ‘similar submerged 
plains are now occupied by the growing reefs around the island.” 
Hill appears to hold the view that the reefs were formed during 
uplift, after submergence, and as regards the elevated fringing reefs 
I believe he is correct. In fact, Mr. Meinzer and I make a similar 
interpretation of the conditions. under which the coral-reef terraces 
of Cuba were formed. But, it seems to me that the barrier reef off 
Morant Point, Jamaica, has been formed after an episode of sub- 
mergence. The pouch-shaped harbors of Jamaica suggest that 
considerable stretches of the Jamaica shore line have undergone 
recent submergence. 

I have compiled information on the shore lines of other West 
Indian islands, but to present more seems unnecessary. Possibly 
except a reef off the southeast side of Barbados, all the off-shore 
West Indian reefs on which I have obtained information have 
formed on preexisting flats or plateaus during or after an episode of 
submergence. 

BRAZIL AND ARGENTINA. 

Herbert M. Smith,? it seems, was the first to recognize evidence of 
submergence on the east coast of South America, and Rich * has 
made a pertinent application of Smith’s observations and deductions 
to the coral-reef problem. Smith says: 

Such an estuary as I have described could only have been formed by the subsidence 


of the land over a great area, and the encroachment of the sea on some former Amazons 
and its tributaries. 


During late geologic time there is in the region of the Amazon 
evidence of a higher followed by a lower stand on the land. 

Branner has made the most careful study of the shore line of 
Brazil, and summarizes his conclusions as follows: + 

8. Although no changes of level are known to have taken place within the historic 


period, there are evidences of both elevation and depression of the Brazilian coast in 
late Geologic times. 


1 Mus. Comp. Zool. Bull., vol. 36, pp. 99, 100. 

2 Smith, Herbert M., Notes on the physical geography of the Amazon Valley, Amer. Naturalist, vol. 
19, pp. 27-37, 1885. 

3 Rich, John L., The physiography of the lower Amazon Valley as evidence bearing on the coral-reef 
problem, Science, new ser., vol. 45, pp. 589-590, June 8, 1917. 

4 Branner, John Casper, The stone reefs of Brazil, their geological and geographical relations, with a 
chapter on the coral reefs, Mus. Comp. Zool. Bull., vol. 44, pp. 168, 169, 1904. 
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9. The evidences of depression consist of: 

(a) The open bays: Rio de Janeiro and Bahia. 

(6) The partly choked-up bays, such as Santos and Victoria. 

(c) The coast lakes formed by the closing of the mouths of estuaries such as Lagoa 
Manguaba, Lagoa do Norte, Jiquia, Sinimbu, etc. 

(d) Embayments altogether filled up. 

(e) The islands along the coast are nearly all close in shore and have ihe appearrance 
of having been formed by depression of the land. : 

(f) The buried rock channels at Parahyba, now filled with mangrove swamps and 
mud, show a depression of at least twelve metres since those channels were cut. 

(g) Wind-bedded sand below tide level on Fernando de Noronba. 

10. The evidences of elevation consist of: 

(a) Elevated sea beaches especially well shown about the Bay of Bahia, and along 
the coast of the State of Bahia. i 

(6) Marine terraces about Ilheos in the State of Bahia. These are about eight 
metres above tide level. 

(c) Horizontal lines of disintegration about one metre above high tide in granites 
and gneisses at and about Victoria, State of Espirito Santo. 

(d) Burrows of sea urchins so far above low tide that sea urchins can not now live 
inthem. These are well shown at Pedras Pretas on the coast of Pernambuco. 

11. Of the two movements the depression has been much the greater and was the 
earlier. 

12. The great depression probably took place in early Pliocene times. 


Additional evidence in support of the submergence of the Brazilian 
coast is given by O. P. Jenkins. 

That the last dominant shift in the position of the strand line in 
eastern Brazil was by submergence, it seems to me, is incontrovertible, 
and that the Brazilian reefs are merely growing on the surface of a 
submerged continental shelf is too obvious to need defense. In these 
relations the Brazilian reefs accord with all other American offshore 
reefs, perhaps with the exception of the Barbadian reef specially 
mentioned on page 301. Professor Branner dates the submergence 
whereby the Brazilian harbors were brought into being, as Phocene; 
whereas the submergence in the other areas discussed is clearly 
Recent. Without definite evidence I should not be justified in giving 
the drowning a later date than that assigned toit by Professor Branner ;. 
but I now know that I assigned’ too great antiquity to some physio- 
graphic features I considered about the same time that he was engaged 
on his work on the Brazilian stone reefs; for instance, the higher Cuban 
terraces are Pleistocene and not Pliocene, as I said in the Cuba report 
previously cited. May not the antiquity of the submergence of the 
Brazilian coast be less than Professor Branner inferred?) May not 
both the submergence and the minor uplift following it be post- 
Pleistocene in age? Should the two events mentioned be geologically 
Recent; the shore-line history of Brazil would parallel that of eastern 
Central America. 


1 Jenkins, O. P., Geology of the region about Natal, Rio Grande do Norte, Brazil, Amer. Philos. Soc. 
Proc., vol. 52, pp. 431-465, 1913. 
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Willis has directed attention to two areas of submergence by down- 
warping along the Argentine coast, namely, the embayment of the 
Rio de la Plata and Bahia Blanca;! but Barrell is of the opinion, from 
the character of the submarine profiles, that there has been sub- 
mergence of the coast subsequent to the warping.? That there has 
been in late geologic time a rising of ocean level on the Argentine 
coast seems a justified deduction. 


ATLANTIC COAST OF THE UNITED STATES NORTH OF FLORIDA. 


That the last shift in position of strand line from the Georgia- 
Florida line at least to Narraganset Bay has been by submergence is 
so clearly shown by drowned stream mouths, resulting in estuaries 
and harbors, is so well known to geologists that no detailed presenta= 
tion of evidence is necessary. Northward from near Boston there 
has been subsequent to submergence, emergence, probably due to 
crustal rebound after deglaciation and relief of the pressure exerted 
by the superincumbent continental glaciers. 

TYPES OF WEST INDIAN AND CENTRAL AMERICAN LITTORAL AND SUBLITTORAL 
PROFILES AND THEIR RELATIONS TO CORAL REEFS. 

In my paper on littoral and sublittoral physiographic features of 
the Virgin and northern Leeward islands,* I pointed out that there 
are four types of sublittoral profiles in the West Indies (see fig. 19) 
as follows: (1) That found off volcanic islands, such as Saba, into the 
sides of which the sea has cut relatively narrow platforms; (2) fault 
plane profiles, such as the north side of St. Croix; (3) wide undersea 
flats, where planation agencies have long been active, as off Anguilla 
and north of St. Thomas; (4) submarine banks, such as Saba, Pedro, 
and Rosalind, which have no bordering land, and whose upper sur- 
faces lie between 9 and 30 fathoms below sea level. All of these 
areas have undergone geologically Recent submergence. Where 
do the offshore reefs occur ? 

There is no barrier reef on the fault slope on the north side of 
St. Croix. No reef started as a fringing reef, then increased in thick- 
ness and grew seaward so as to form a prism of coral-reef rock 
and material caught behind the reef, so as to become converted 
according to the Darwinian hypothesis into a barrier reef; but tnere 
is a barrier off the south side of the island, where gently dipping lime- 
stones pass below the sea and produce a platform on the surface of 
which at the proper depth a barrier reef has formed. Off the fault 
shore of the south side of Oriente province, Cuba, there is no barrier 
reef, but farther west, between Cape Cruz and Trinidad where there 


1 Willis, Bailey, Geologic notes, in Hrdlicka, A., Early man in South America, Bur. Amer. Ethn. Bull. 
52, pp. 16-18, 1912. 

2 Barrell, Joseph, Factorsin movements of the strand line and their results in the Pleistocene and post- 
Pleistocene, Amer. Journ. Sci., ser. 4, vol. 40, p. 6, 1915. 

3 Washington Acad. Sci. Journ., Vol. 6, pp. 53-66, 1916. 
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is a submerged flat underlain by gently dipping limestones there are 
offshore reefs, some of which have the barrier form. Where there 
are extensive offshore flats at the proper depths, if the other ecologic 
conditions are favorable, reef corals grow upon the surface of the 
flats and form either patches, stacks, or barriers. 
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FIG. 19.—TYPES OF WEST INDIAN SUBLITTORAL PROFILES AND PROFILE OF FUNAFUTI ATOLL. 


It seems that no one would try to explain Saba, Rosalind, or Pedro 
Bank as the result of infilling behind barrier reefs. ‘They are subma- 
rine plateaus, leveled by planation agencies, which almost certainly 
were both subaerial and submarine, and they have been submerged in 
Recent geologic time. There is a rather meagre growth of reef corals 
on their windward sides; but these banks are scientifically of great 
importance, for, except that the coral growth isnot so luxuriant, 
they essentially duplicate the great atolls in the Pacific. 
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SUBMERGED BANKS NORTH OF THE CORAL REEF ZONE IN THE WESTERN ATLANTIC 
OCEAN. 

That there are off the Atlantic coast of Central and North America, 
north of the temperature zone in which coral reefs now exist, sub- 
marine banks at suitable depth below sea level for the growth of reef- 
forming corals, has been stated in several of my papers. There are 
six submarine banks projecting seaward from the eastern part of 
Central and North America. Named in order from the south north- 
ward these banks are, first, three on which there are coral reefs, 
namely, Mosquito Bank off Nicaragua and Honduras, Campeche 
Bank off Yucatan, and the Floridian Plateau; and, second, three on 
which there are no coral reefs, namely, Georges Bank, the banks off the 
coast of Nova Scotia, and the Grand Banks of Newfoundland. The 
presence of such banks is entirely independent of corals, but corals 
will grow on the surface of such banks where the necessary ecolgeue 
conditions prevail. 


SUMMARY OF THE CONDITIONS UNDER WHICH THE AMERICAN FOSSIL AND LIVING 
CORAL REEFS FORMED. 


1. The elevated Pleistocene fringing reefs of the West Indies are 
separated by erosion unconformities at their bases from the geologic 
formations that they overlie, but they were usually, if not invariably, 
formed during intermittent uplift following considerable depression. 

2. The offshore reefs, whether forming parts of more or less bedded 
formations or forming patches, stacks, or barriers of living reef, were 
formed during or after submergence, as is shown in the case of the 
fossil reefs by unconformable basal contacts wherever basal contacts 
could be studied, and in the case of the living reefs by a great variety 
of evidence indicating geologically Recent submergence. 

3. The offshore reefs grew upon or are growing upon antecedent 
flats, only a small part of the surface of which was or is covered by 
reefs. The flats existed prior to the submergence during or after 
which the reefs developed. Corals are constructional geologic agents 
and help build up the sea bottom, but the large flats on which they 
erow would exist were there no corals. Such flats are not confined 
to the temperature zone in which corals live. 

4. The submergence of the basements of the fossil reefs seems more 
reasonably explained as the result of differential crustal movement; 
but the development of the living reefs seems in large part a result 
of geologically Recent rise in the stand of ocean level, for nearly the 
entire eastern shore of the Americas from Argentina on the south to 
Cape Cod on the north exhibits evidence of Recent submergence, after 
which there has been in some places minor emergence by differential 
crustal movement. The amount of the submergence usually seems 


1 Science, new ser., vol. 41, pp. 508, 509, April 2, 1915; Geol. Soc. Amer. Bull., vol. 26, pp. 58-60, 1915; Amer 
Journ. Sci., ser. 4, vol. 41, p. 134, 1916; Carnegie Inst. Washington Yearbook No. 14, p. 238, 1916. 
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to be about 20 fathoms, but in places some facts indicate that the 
maximum is between 30 and 40 fathoms. Although more accurate 
investigations of the amount of the submergence are needed, the 
available evidence accords with the hypothesis that glacial control is 
one of the important factors in bringing about the formation of 
living coral reefs. 


CORAL REEFS OF THE Paciric OcEAN. 


It is manifestly impracticable to consider in this chapter more than 
a few of the important reefs of the Pacific Ocean. ‘Those selected 
for discussion are the Great Barrier of Australia, the barrier reef off 
New Caledonia, and those off the Fiji and Society islands. Finally 
a few paragraphs will be devoted to atolls. 


GREAT BARRIER REEF OF AUSTRALIA. 


The literature on the Great Barrier Reef is very extensive, and 
includes contributions from numbers of investigators, among whom 
Jukes, Saville-Kent, H. B. Guppy, Alexander Agassiz, A. C. Haddon, 
Wood Jones, E. C. Andrews, C. Hedley and Griffith Taylor, Edge- 
worth David, W. M. Davis, and A. G. Mayer may be mentioned. 
R. A. Daly and I have based statements regarding it upon carto- 
graphic studies. No attempt will here be made to review all the’ 
literature, and attention will be mostly confined to those papers that, 
in my opinion, correctly interpret the relations of the reef. 

Andrews in 1902 published a remarkable paper 1 on the shore line 
of Queensland and the platform on which the Great Barrier Reef 
stands. This paper contains an excellent account of the physiog- 
raphy of the Queensland coast, applying the deductions based upon 
the physiographic study to the conditions under which the reef 
developed, and in it is recognized the significance of a continuous 
platform and an interrupted reef. Because of the embayed shore 
line Andrews correctly inferred submergence of the Australian con- 
tinental shelf, and he makes the important statement: 

* * * the continuance in width of the shelf southwards of the limits of reefs 
(coralline), and the great shoals thereon, points to a minor part only of the shelf being 
formed of coral growth.? 

A few years later Hedley and Griffith Taylor published a valuable 
paper on the same subject.? They accepted Andrews’s deduction 


1 Andrews, E. C., Prelininary note on the geology of the Queensland coast with references to the 
geography of the Queensland and N. 8S. Wales Plateau, Linn. Soc. N. S. Wales, Proc. for 1902, pt. 2, pp. 
146-185, 1902. 

2Tdem, p. 177. 

3 Hedley, C., and Taylor, T. Griffith, Coral reefs of the Great Barrier, Queensland: A study of their 
structure, life distribution, and relation to mainland physiography, Australasian Assoc. Adv. Sci., Ade- 
laide Meeting, Jan. 1907, pp. 394-413, 3 pls. 1908. f 
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regarding submergence and devoted particular attention to the 
effects of wind-induced currents in shaping atolls. They also say: 


It may be allowed, though Darwin deprecated the idea, that the continental shelf 
was ready prepared with numerous banks representing eroded islands, just reaching 
to within the required distance of the surface, when the first coral builders came. ? 


On a subsequent page they add: 


Whatever the history of the Great Barrier Reef was, the reefs of the Coral Sea, such 
as Lihou Reefs, Flinders Reefs, and Herald Cays, shared in it. ? 


I have stated in one of my papers: 


An inspection of the admiralty charts for the eastern coast of Australia shows con- 
clusively that the platform on which the Great Barrier Reef of Australia stands has 
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Fig. 20.—PROFILES ACROSS CONTINENTAL SHELF, EAST SIDE OF AUSTRALIA. THE LATITUDE AT THE INTER- 
SECTION OF EACH PROFILE WITH THE SHORE LINE IS FOLLOWED BY A STATEMENT OF THE DIRECTION OF 
THE PROFILE FROM THE SHORE. 

SOUTH OF THE SOUTHERN END OF THE GREAT BARRIER REEF: 

1. FROM SHORE EAST OF LEADING HILL, S. LA. 25° 26’ 15’’, SOUTH 82° HAst. 

2. FROM BASE OF SANDY CAPE, S. Lat. 24°, 53’ 40’’, NorRTH 68° EAst. 

3. FRoM TOOWONG Hitt, S. Lat. 24° 22’ 4’, NortTH 45° EAST, PASSING BETWEEN LADY ELLIOT AND 
LADY MUSGROVE ISLANDS. 

ACROSS THE GREAT BARRIER REEF: 

4, FROM RODD PENINSULA, S. Lat. 24° 0’ 0’’, NortTH 50° East. 

5. FROM GEORGES POINT, HINCHINBROOK ISLAND, S. LAT. 18° 25’ 40’, NoRTH 72° 30’ EAstT. 


an existence independent of the Great Barrier Reef, and that corals have established 
themselves on this platform where the conditions favorable for their life are realized. 
Daly has given cross-sections of the Australian shelf both south of 
and across the Great Barrier Reef in two of his papers,‘ and I have 
presented a series of cross-sections in one of mine,’ both of us basing 
our profiles on the British Admiralty charts. There is one important 
fact shown by both Daly’s and my profiles, but which Daly seems 
not to have emphasized. It is that the platform not only continues 


1 Coral 1eefs of the Great Barrier, Queensland, p. 406. 

2Jdem., p. 413. 

3 Washington Acad. Sci., Journ., vol. 4, p. 32, 1914. 

4 Daly, R. A., The glacial-control theory of coral reefs, Amer. Acad. Arts and Sci., vol. 51, p. 197, figs. 
21-24, 1915; Problems of the Pacific Islands, Amer. Journ. Sci., ser. 4, vol. 41, p. 179, figs. 26-29, Feb. 1916. 

vec nineron Acad. Sci. Journ., vol. 6, p. 64, profiles Nos. 15, 8- 14, 1916. 
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southward from the reef limits, but in many places the barrier reef 
stands not on the margin of the shelf but miles landward from the 
edge. (See text-fig. 20.) There is also a significant terrace front 
at depths somewhat deeper than 120 feet. These profiles should 
be compared with those for the West Indies (fig. 11, p. 275). They 
tell essentially the same story. The platform can not be due to the 
presence of the Great Barrier Reef, for in many places it projects 
beyond the reef. I state in my paper cited: 


The evidence in favor of a shore line between 25 and 30 fathoms below present sea 
level is strong, if not conclusive, and supports the deduction that the living barrier 
reef is growing on what was a land surface in Pleistocene time, an interpretation 
essentially that proposed by E. C. Andrews in 1902.! 


~ NEW CALEDONIA. 


I have seen no good account of the coast of New Caledonia, off 
whose shores is one of the most important barriers known. According 
to P. Marshall, ?‘the northeast coast is practically straight, but many 
inlets that form excellent harbours penetrate the southwest coast.”’ 
The chart shows indentations in the north coast, although they are 
not so deep as those on the south. I find references to the shore-line 
features in two of Professor Davis’s papers,? and from them certain 
information may be obtained. The shore line is embayed, there 
are deltas mostly contained in the embayments between headlands 
that are strongly cliffed on the sea front. The present barrier reef 
has developed subsequent to the truncation of the headlands and 
subsequent to the submergence that has caused the embayment 
of the coast. Just how much of the platform surmounted by the 


1 W. M. Davis has published since the manuscript of this paper went to press an article entitled: The 
Great Barrier Reef of Australia (Amer. Journ. Sci., vol. 44, pp. 339-350, Nov., 1917), in which he criticizes 
me and others because we have not “satisfactorily explained”’ the origin of the form of ‘‘the continental 
mass.”’?’ Among the statements of Professor Davis is ‘“Vaughan’s.view is based on the physiographic 
investigations of parts of the eastern coast of Australia by Andrews (1903); * * *”, afterhehad intro- 
duced two quotations from my paper on the littoral and sublittoral physiographic features of the Virgin 
Islands, etc., as given in abstract (Amer. Geolog. Soc. Bull., vol. 27, pp. 41-45, 1916). Professor Davis 
has drawn an erroneous deduction regarding my cartographic studies of the Great Barrier Reef. They 
could not have been based on Andrew’s work, because Andrews neither published nor made comment 
on a series of profiles across the Australian platform, such as those I had prepared. Furthermore, my 
emphasis of the fact, which it seems I was the first to point out—namely, that the present Great Barrier 
Reef in places stands some miles landward from the margin of the continental shelf—and my deduction 
therefrom, that the platform can not be attributed to infilling behind the reef, do not warrant the inference 
that “Vaughan * * * has excluded coral-reef agencies from any part in forming the platform itself 

* * *? JT not only do not know how the Australian continental shelf was formed, but Ido not know 
how any one of a number of hypothesis can be tested. I, therefore, endeavored to confine my discussion 
to matters on which evidence is procurable, and said nothing regarding the origin of the platform. 
Professor Davis advances the hypothesis that the platform on which the present Great Barrier is growing 
is a ‘mature reef-plain”’, formed in a previous physiographic cycle, and that it has been recently sub- 
merged. Whether reefs in past geologic time formed a rampart on the edge of the Australian continenta | 
shelf and a plain resulted from infilling behind the barrier can at present be neither proved nor disproved 
and on this subject I have expressed no opinion, 

2“ Oceania,” Handb. regionalen Geologie, vol. 7, Abt. 2, p. 23, 1912. 

8 Davis, W. M., Shaler Memorial study of coral reefs, Amer. Journ. Sci., ser. 4, vol 40, pp. 232, 233, 240 
243,245, 270, 1915; Problems associated with the study of corals, The Scientific Monthly, vol. 2, fig. 15 on p 
25, p. 27, 1916. 
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Caledonian barrier is due to the cut and fill process of marine 
planation at and below sea level during the cliffing of the 
promontories and to the sediment deposited in the sea, derived 
through the erosion of mature valleys, I can not say with cer- 
tainty, but that so much material deposited in the sea would 
under the influence of waves and currents form a submarine plain 
is a warranted deduction; and as the barrier reef is crossed by 
gaps and is discontinuous at both the southeast and northwest ends, 
the deduction seems safe that it is superposed on a submerged plat- 
form of antecedent existence. 


FIJI ISLANDS. 


That the barrier reefs off the Fiji Islands have developed during 
or after submergence of their basements is obvious from an inspec- 
tion of the charts to anyone familiar with the physiography of shore 
lines. The numerous reproductions of British Admiralty charts in 
A, Agassiz's volume on the Fiji Islands! is valuable and convenient 
for such a cartographic study. That the indentations of the shore line 
in the Fijis are due to the drowning of the lower parts of subaerially 
formed valleys has been pointed out by many geologists, the first 
of whom appears to have been Dana, who says? 

There is, further, not merely probable but positive evidence of subsidence in the 
deep coast indentations of the high islands within the great barriers. The long points 
and deep fiordlike bays are such as exist only where a land, after having been deeply 
gouged by erosion, has become half submerged. The author was led to appreciate 
this evidence when on the ascent of Mount Aoraion Tahiti, in September of 1839. 
Sunk to any level above that of five hundred feet the erosion valleys of Tahiti would 
become deep bays, and above that of one thousand feet, fiordlike bays, with the 
ridges spreading in the water like spider’s legs; and this is a common feature of the 
islands and islets within the lagoons of barrier islands. The evidence of subsidence 
admits of no doubt. It makes the conclusion from the Gambier group positive; 
and equally so that for Raiatea and Bolabola represented on the charts in Darwin’s 
“Coral Islands;’’ the Exploring Isles and others of the Fiji group; and that for islands, 
great and small, in the Louisade Archipelago and in other similar groups over the 
ocean. 


This statement was misinterpreted by Davis as being confirmation 
of Darwin’s theory of coral reefs,? which, as is more than once pointed 
out in the present paper (see especially p. 249), carries with sub- 
mergence an hypothesis of platform building. Evidence of sub- 
sidence does not prove that the flat lying between a barrier reef 
and the shore has been formed by infilling behind the barrier. 

Daly made a definite statement in 1910 in a list of ““maximum 
depths recorded for the drowned portion of these valleys,” in which 


1 Agassiz, Alexander, The Islands and Coral Reefs of Fiji, Mus. Comp. Zool. Bull., vol. 33, pp. 167, 112 
plates, 1899. 

2 Dana, J. D., Corals and coral islands, ed. 3, pp. 278, 274, 1890, 

3 Davis, W. M., Dana’s confirmation of Darwin’s theory of coral reefs, Amer. Journ. Sci., ser. 4, vol. 35, 
pp. 173-188, Feb. 1913. 
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he includes Mbengha and Moala of the Fiji group.1 Subsequently 
Davis, in several of his papers, cited and others have similarly inter- 
preted the estuarine character of the lower ends of the valleys. 

Were the platforms on which the Fijian reefs stand, or which they 
margin, formed by infilling behind barriers or are fe reefs merely 
superposed on antecedent platforms? In 1914 I published the - 
following statement: 

Having presented criteria for recognizing the relations of continental and large 
insular platforms supporting barrier reefs to the presence of the reefs, islands such as 
those in the Society and Fiji groups may be considered. * * * A study of the 
charts of barrier reef islands, as Viti Levu, Fijis, and Tahiti, Society Islands, shows 
that the platforms are independent of the presence of reefs, and therefore the rela- 
tions in these islands are similar to those indicated for barriers off continental shores, 
for here the reefs are also superimposed on platforms antedating their presence. 


Plate 7 of Agassiz’s work on the Fiji Islands, already cited, shows 
the continuity of the platform northward and westward from Ovalau 
without any margining barrier reef. In my opinion these relations 
clearly show that the reef, where it is present, is merely superposed 
on an antecedent platform, and that the suggestion of Davis, that 
the entire platform is due to infilling behind a reef which in places 
has ceased to grow, is farfetched. 

Recently E. C. Andrews and W. G. Foye have published impor- 
tant papers on the Fijis. Andrews in his paper says: 

The Viti Levu salt water arms, therefore, with their contained deltas, suggest the 
submergence of the Viti Levu coastal lowland in recent time, with the consequent 
drowning of the lower portions of the river courses. 

The island is girt with a Great Barrier Reef, several hundreds of miles in length, 
broken here and there by passages. The present Great Barrier Reef, which rises to 
the level of the sea, has thus, in all probability, been built up by coral-reef organisms 
upon the submerged lowlands of Viti Levu.? 

Andrews similarly interprets the conditions of development of the 
barrier reef off Vanua Levu. The interpretations advanced by 
Andrews essentially accords with mine; that is, the reefs are super- 
posed on a depressed platform that was previous to its submergence 
a coastal lowland. 

Foye *? makes the following statement regarding Viti Levu: 


In general the present coral reefs are developing on platforms which originated 
during the deposition of the coastal series.* 


Regarding Vanua Levu he says: 


I visited only the eastern and central portions of Vanua Levu. | The modern fringing 
reefs are here developing either along the shore line of recently submerged volcanic 
rocks or on coastal flats formed of the fine ash swept from the elevated hills of sub- 


1 Daly, R. A., Pleistocene glaciation and the coral reef problem, Amer. Journ. Sci., ser. 4, vol. 30, p. 306, 
November, 1910. 

2 Andrews, E. C., Relations of coral reefs to crust movements in the Fiji Islands, Amer. Journ. Sci., 
ser. 4, vol. 41, p. 138, 1916. 

3 Foye, W. G., The geology of the Fiji Islands, Acad. Nat. Sci. Proc., vol. 3, pp. 305-310, April, 1917. 

4Idem. p. 306. 
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marine tufis. The most recent movements have been differential, and while uplift 
has taken place at the southeastern side of the island, subsidence has occurred to the 
east and north. The modern barrier reef occurs where subsidence has taken place 
either due to tilting or faulting during uplift. 


Concerning the Lau Islands, he states: 


Within quite recent times the islands have subsided 50 to 90 feet and the modern 
coral reefs are developing on the eroded and submerged platforms.? 


One paragraph of Foye’s conclusions is as follows: 


The data assembled by Daly and Vaughan convince the writer that Pleistocene 
platforms exist very generally throughout the coral seas. Yet while this is true, the 
platforms in Fiji are post-Pleistocene in their development. The writer was unable 
to discover any evidence of Pleistocene wave-cut platforms.® 


The second one of Foye’s papers‘ contains the following signifi- 
cant statement: 

There is another method by which atolls develop. The limestone islands are rapidly 
eroded to sea level by atmospheric solution. Evidence of this process may be seen 
in the diminishing limestone masses within the lagoons of many of the Lau islands. 
By tidal scour and wave action platforms are developed slightly below sea level. 
Examples of such platforms may be seen about Fulanga and Ongea. It is significant, 
however, that most of these islands have lagoons 10 to 15 fathoms in depth. Such 


depths can not be ascribed to erosion, but must be the result of recent submer- 
sencens 9 doc 


The information bearing on the Fijis may be summarized as fol- 
lows: 

1, The frmging reefs have unconformable basal contacts, as do 
those of the West Indies. 

2. The barrier reefs are superposed on antecedent platforms of 
diverse origin during or after submergence. 

3. The submergence is concomitant with, if not actually due to, 
differential crustal movement. 

4. In that they were formed during or after submergence and are 
superposed on antecedent platforms, the offshore reefs of the Fijis 
accord with all others, perhaps except a Barbadian reef, so far 


considered. 
SOCIETY ISLANDS. 


TAHITI. 


That Tahiti had undergone subsidence is implied in statements by 
Dana,’ the occasional harbors being mentioned in two places in his 
“book. W. M. Davis says:® 


The cliff-rimmed island of Tahiti, the largest and youngest of the group, has suffered 
moderate subsidence after its cliffs were cut, but its bays are now nearly all filled 
with delta plains; hence a pause or stillstand has followed its latest sinking. 


1 The geology of the Fiji Islands, Acad. Nat. Sci. Proc., p. 308, April, 1917. 

2 Idem, p. 309. 

3 Idem, p. 309, 310. - 

‘Foye, W. G., The geology of the Lau Islands, Amer. Journ. Sci., ser. 4, vol. 43, pp. 343-350, May, 1917. 
5 Corals and coral islands, ed. 3, pp. 149, 158, 246, 247, 1890. 

§ Amer. Journ. Sci., ser. 4, vol. 40, p. 271, 1915. 
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The condition of the reef between Taunoa Pass and Point Venus 
is interesting in this connection. Alexander Agassiz has given a 
good description of this part of the reef and reef platform and has 
reproduced the British Admiralty chart of it... Agassiz says: 

Reef patches, the remnants of a former barrier reef, extend westward from Venus 
Point parallel with the shore of Matavai Bay, forming the chain of Toa Tea reefs, but 


they are merely patches of Nullipores, with here and there diminutive coral heads 
which have taken no part in the building of these reefs. 


There is along the Toa Tea Reefs a great break in the continuity of 
the reef, but the platform continues, irrespective of the presence or 
absence of a margining barrier. The depths in Matavai Bay, 16 to 17 
fathoms, seem to be the maximum, are about the same as in Papiete 
Harbor, outside which there is a well-developed reef crossed by 
Papiete Pass. These reefs, also, seem to me to have grown up dis- 
connectedly on a submerged coastal flat. 


SMALLER ISLANDS OF THE SOCIETY GROUP. 


Alexander Agassiz has described each of these islands in his coral 
reefs of the Tropical Pacific,? and P. Marshall has made the observa- 
tions and deductions recorded in the following quotation :3 


This reef marks the edge of the platform of marine erosion as described by Agassiz, 
but the original margin of the land before depression as described by Darwin and 
Daman cee 

It is evident that if the coral reef rises on the edge of a platform of marine erosion 
this very erosion would have worn the spurs back in such a way that they would 
terminate in steep cliffs. In no instance at Huaheine, Raiatea, or Tahiti that the 
author observed, did the spurs have an abrupt termination. The lower slopes of the 
islands are in all cases notably less steep than the upper slopes. 

The deep inlets that intersect the coast line of Huaheine, Tahaa, and Raiatea are 
clearly due to stream erosion. Prolonged marine action would have shallowed or 
filled them up or at least would have built up bars of coastal débris across the entrances. 

The author is therefore strongly of opinion that the absence of cliffs at the termina- 
tion of radiating spurs, the presence of deep water in the lagoon, and of far-reaching 
inlets, prove that marine erosion has not had any influence on the form of these islands 
at the present sea level. * * * 

Finally the deep inlets appear to be drowned stream valleys and their nature 
strongly supports the belief that they have been subjected to an important movement 
of subsidence. 


Mehetia is interesting in that it is a young volcanic island, with a 
strongly cliffed shore, a very narrow or no platform, and no coral . 
reefs around it, only a few coral patches. That the other islands, 
Murea, Huaheine, Raiatea, Tahaa, Bora-Bora, and Maupiti have 
undergone geologically Recent submergence and that the barrier reefs 
have developed during or after submergence, can not be controverted. 
Is the reef flat due to marine planation and to terrigenous sediments 


1 Agassiz, Alexander, The coral reefs of the Tropical Pacific, Mus. Comp. Zool. Mem., vol. 28, pp. 152- 
154, pl. 209, 1903. 

2Tdem, pp. 140, 141, 156-167. 

3 Marshall, P., Oceania, Handb. regionalen Geologie, vol. 7, Abt. 2, p. 13, 1912. 
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earried by the streams to the sea prior to the submergence after 
which the living reefs have formed? Unless sediment was delivered 
to the sea so rapidly that a coastal plain pushed forward beyond the 
interstream divides as to protect them from attack by the sea, their 
seaward ends should have been cliffed, should the flat have been 
formed in the manner suggested. What are the submarine profiles 
off the spur ends? Are there submerged clifis at the divide tips? 
- One of Agassiz’s illustrations! represents a cliff of considerable height 
at one place on the shore of Maupiti. In my opinion sufficient evi- 
dence is not available to establish how the reef flats of these islands 
were formed, and they may be made to accord with whatever theory 
of reef-flat formation an author may prefer. Should it ultimately 
be proved that these barrier reefs accord with the Darwinian hypothe- 


— 


Prevailing wind 


Fig. 21.—DIAGRAM TO SHOW HOW A LINEAR REEF LYING ACROSS THE WIND IS FORMED INTO A HORSESHOE. 
(AFTER HEDLEY AND GRIFFITH TAYLOR.) 
sis, a few instances in which that hypothesis applies will have been 


discovered. 
ATOLLS. 


There are two kinds of atolls: Those of the first kind rise above 
relatively shoal-water platforms, and are represented by the atolls of 
the Great Barrier Reef of Australia, those of the Floridian reef-tract, 
and the faros of the Maldives. That there was never any central land 
area for these atolls is perfectly obvious. Hedley and Griffith Taylor, 
in their paper, cited on pages 245, 251, have shown how the atolls 
along the Great Barrier have been shaped by the prevalent, mostly 
wind-induced, currents; and I have shown in my papers on the Mar- 
quesas and Tortugas atolls that precisely the same principles apply 
to them. The principles involved are illustrated by the accompany- 


i The Coral Reefs of the Tropical Pacific, pl. 104, fig. 4. 
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ing diagram (fig. 21), which is copied from Hedley and Griffith Taylor. 
Stanley Gardiner has given good descriptions of the faros of the Mal- 
dives... He says in a footne‘e on the page referred to: 

The technical term afoll is der-v..d from the Maldivan atolu, signifying a province 
for governmental purposes. There are 13 of these in the Maldives, and many consist 
of the islands on separate banks, most of which have distinct encircling series of reef 
reaching the surface. Many of the individual reefs are themselves ring-shaped with 
pools of water several fathoms deep in their centers. There are obvious disadvantages 
in using diminutives of the terms atoll and lagoon as applying to such. They are 
situated on shallow banks, and many are actually larger than some of the isolated ring- 
shaped reefs of the Pacific, which arise separately in the deep basin of that ocean. I 
therefore propose to borrow further the Maldivan terms, faro and velu, the former 
signifying such a small ring-shaped reef of an atoll or bank and the latter its central 
basin. 1, further, following the Maldivan use of the term velu, apply it to deep pools 
even in the long, linear, circumscribing reefs of many of the banks, as I conceive that 
such pools have in all these reefs on banks the same mode of origin. 


On page 171 of the same work, Gardiner says: 


Each large reef on the bank is a separate entity that has grown up and pursued its 
history by itself, influenced it is true by the reefs in its vicinity but never directly 
connected with them. It is only now that the bank is at all approaching the condi- 
tion <{ the perfect atoll. Having seen how small! faro may be formed from their 
earliest beginnings, we now see in North Mahlos the further fortune of such atolls, 
their joining together where possible to form long linear reefs with the loss perhaps of 
the whole inner part of their own reefs. 

The second kind of atolls more or less margin and more or less 
completely, encircle the flat summits of eminences rising from oceanic 
depths. The Darwinian explanation of the formation of such atoll 
rings is illustrated by figure 5, page 242, of this paper. Have these 
atolls formed in accordance with the postulates of the Darwinian 
hypothesis, or have more or less perfect rings developed on the 
edges of submarine flats, with or without submergence ? 

The origin of the first kind of atolls has been ascertained with so 
high degree of probability that it amounts to certainty. They have 
been formed on relatively shoal submarine flats, during or following 
submergence, and have been shaped by the prevalent currents. 
But a basement platform for the second kind of atolls can not be 
traced beyond the atoll limits, at least in our present state of knowl- 
edge. However, in case of atolls of an area so large as Rangiroa, in 
the Paumotus, for instance, the presumption is against their deriva- 
tion from barrier reefs according to the Darwinian hypothesis. 
They are too large, and, as Wharton long ago pointed out, their 
bottoms are too nearly level. If the Darwinian explanation were 
true, lagoon floors should be concave, more or less bowl shaped. 
That small, flat, summit areas may result from subaerial degradation 
and marine planation is known in many instances. That volcanic 


1 Gardiner, J. Stanley, The fauna and geography of the Maldive and Loccadive Archipelagoes, vol. 1, 
pt. 2, p. 155, 1901-1903. 
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piles may be cut to wave base is known, and on page 311 of this paper 
Foye is quoted on a process by means of which reduction of limestone 
masses to sea level or slightly below sea level is accomplished. 

In this connection Salt Key Bank, which lies between the Straits of 
Florida, Santaren Channel, and Nicholas Channel (text-fig. 22), is 
interesting, as it is 61 nautical miles long by 37 nautical miles wide. 
Except a few marginal islets and elongate keys, it ranges between 
3% and 8 fathoms in depth. Alexander Agassiz visited and described 
this bank! and says that it is composed of eolian rock similar to the 
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Fig. 23.—CHART OF SAN SABA BANK. FROM U.S. HYDROGRAPHIC CHART No. 2318. 


Bahamas. The bank looks as if it were once a part of the Bahamas 
and was dissevered by faulting between it and the Bahamas. 
Whether that suggestion is or is not true, there is here a large level 
bank, obviously not formed according to the Darwinian hypothesis, 
that might serve an atoll foundation. Saba, Pedro, and Rosalind 
banks in the Caribbean Sea have been mentioned on pages 303, 304. 
Figures 23-25 illustrate them. 

It is not practicable to work out the geology of the foundations of 
the Paumotuan and the Maldive and Laccadive stolls, but the 


1A reconnaissance of the Bahamas, etc., Mus. Comp. Zool. Bull., vol. 26, p. 81, pls. 1 and 31, 1894. 
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probability seems distinctly in favor of their being submerged pla- 
teau surfaces, upon which coral reefs, mostly marginal, have estab- 
lished themselves during and subsequent to moderate submergence. 

I will revert to Admiral Wharton’s emphasis of the levelness of 
the floors of atoll lagoons (depth 24 to 26 fathoms), to his statement, 
‘inside the low rim of growing coral which encircles their edges in 
various degrees,”’ and to his question ‘‘What causes this remarkable 
similarity of depth and this extraordinarily even surface over these 
large banks?’”’ As I believe this short article by Admiral Wharton 
is one of the truly great contributions to our knowledge of coral reefs, 
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Fic. 24.—CHART OF PEDRO BANK. FROM U.S. HYDROGRAPHIC CHART No. 1290. SCALE 1 INCH = 48 
NAUTICAL MILES. 


the temptation to quote all of it is great. In it he points out one of 
the fundamental defects of the Darwinian hypothesis, namely, that 
the lagoon floor is not basin shaped as it should be if the atoll is due 
to the upgrowth of a reef that began on the slopes of a volcanic cone. 
He says: ‘‘I have no hesitation in saying that a flat floor is an 
invariable characteristic of a large atoll, and I can not find his ‘deeply 
concave surface’ in any large atoll. On the contrary, a flat surface 
is found in all of these, whether the rim be above or below the surface.” 

Daly in his two papers cited has made an elaborate study of the 
depths of atoll lagoons of the Pacific and Indian oceans and has com- 
pared the depths in them with the depths in the lagoon channels of 
the same region. As the data compiled by him can not be repeated 
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here, his later discussion in his paper on the Glacial-control theory 
may be consulted. Daly says: 


‘‘Since probably not more than 5 m. to 25 m. can be allowed for the thickness of 
the post-glacial calcareous veneer in the wider lagoons, the accordance of platform 
depth for the wider lagoons and reefless banks seems clear. Their range of 60-90 m. 
represents magnitudes of the same order as the depths computed for the Pleistocene 
wave-formed benches.”’ r 


I have pointed out the similarity in the depths on Saba, Pedro, 
and Rosalind banks, to those on the atoll-lagoon floors of the Pacific 
and Indian oceans—that is, the depths are between 20 and 30 fathoms. 
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Fic, 25.—CHART OF ROSALIND AND SARRANILLA BANKS. FROM U.S. HYDROGRAPHIC CHART NO. 364. 


The possibility of the formation of atoll lagoons by submarine 
solution was eliminated in the discussion on page 250 of this paper. 
Atoll rims are formed by constructional processes. That the greater 
abundance and luxuriance of reef-forming organisms on the periphe- 
ries of atolls is due mostly, if not solely, to the intolerance of such 
organisms to sediment, is shown by certain of my experiments. If 
the colonies are protected from sediment, the growth of corals within 
a lagoon may exceed that of corals on the outside. 

It is my belief that the coral reefs forming atoll rims are superposed 
on platforms that antedate the formation of the living reefs, and 
which have undergone a moderate submergence in Recent geologic 


1 Amer. Acad. Arts and Sci., vol. 51, pp. 178-199, 1915. 
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time. It is reasonable to ascribe this submergence to rise in ocean 
level because of deglaciation, because the order of magnitude of the 
submergence is the same as the order of magnitude expected from 
deglaciation. Marginal wave-cut benches should exist, or should 
have existed around the atoll banks. Perhaps more accurate hydro- 
eraphic surveys and more detailed studies of the submarine profiles 
will discover them. 
CONCLUSIONS. 


The results of an examination of the Tertiary, Pleistocene, and 
living coral reefs and reet corals of the West Indies, Central America, 
and the Southeastern United States are as follows: 

1. The fringing reefs have formed usually, if not invariably, during 
periods of intermittent uplift, following considerable submergence. 

2. All the important offshore reefs, both fossil and living, possibly 
except the reefs off the southeast coast of Barbados, have devel- 
oped during or following submergence after the subaerial erosion of 
their basements. 

3. Most of the fossil offshore reefs, all of those on which informa- 
tion has been obtained, and all of these living reefs are superposed on 
antecedent flattish basements or platforms. Where there are no 
platforms, as off fault shore lines and youne volcanic islands, there 
are no offshore reefs. 

4, Although corals are constructional geologic agents, they are 
subordinate to other limestone forming agencies, and none of the 
American platforms were formed by infilling behind a barrier. 

5. Submarine flats and plateaus at proper depths below sea level 
to have furnished basements for offshore reefs are not confined to 
the temperature zone suitable for coral growth. Such extralimital 
banks are Georges Bank, the banks off the coast of Nova Scotia, and 
the Grand Banks of Newfoundland. Reefs form on such banks 
where the proper ecologic conditions for the life of reef building 
corals prevail. 

6. The submergences during and after which the fossil reefs were 
formed were almost certainly due to differential crustal movement; 
the submergence of the basement of the living reefs is probably due 
to complex causes, for there was differential crustal movement in 
the area under consideration during Pleistocene time, also at some 
places within it during Recent time, and, in addition to these more 
or less local movements, there seems to have been during Recent 
time a general submergence of the eastern coast of America from 
Argentina to New England. The amount of the general Recent sub- 
mergence lies between 40 and slightly more than 20 fathoms; an 
amount of the order of magnitude that would be expected to result 
from the effect of deglaciation in raising sea level. The principal 
wave-formed Pleistocene plain now lies between 26 and 36 fathoms 
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in depth, and is separated by an escarpment from a shallower plain 
that now ranges between 17 and 20 fathoms in depth. What appear 
to be marginal hanging valleys north of St. Thomas and on the St. 
Martin Plateau, and solution wells, in the Bahamas, 33 to 38 fathoms 
deep, suggest that there may have been a short stand of sea level 
about 40 fathoms below its present stand. 

7. The fact that the terrace flat between 17 and 20 fathoms in 
depth is cut away on promontory, tips on the windward side of St. 
Thomas, while it is preserved in protected areas, indicates that the 
higher flat is older than the lower, and that it has been resubmerged 
after the development of the lower flat. The general similarity of 
the submarine profiles off Antigua, on the St- Martin Plateau, and on 
Mosquito Bank favors the inference that there was in those areas a 
similar lowering and subsequent rise of sea level. The submerged 
channel within the channel at the mouth of Habana Harbor, and 
similar phenomena at other localities around the Cuban coast, show 
that during later Pleistocene time Cuba stood more than 100 feet 
higher than immediately previous to the cutting of these valleys 
within older valleys, and that after the valleys-within-valleys were 
formed there was submergence to an amount of about 100 feet. Fall 
of sea level during Pleistocene time and rise auiing Recent time is 
indicated for the Bermudas, the Bahamas, Florida, Central America, 
and the mouth of the Amazon, as well as for the areas just mentioned. 
These phenomena are in essential accord with the demands of the 
Glacial-contro! hypothesis. 

8. The principal living West Indian and Central American reefs are 
superposed on submarine flats or plateaus of pre-Pleistocene age, that 
were dry-land areas during at least a part of Pleistocene time, and 
while they were dry land they were wave cut and remodeled around 
their margins by submarine planation. 

9. There are two kinds of atol!s, namely, (a) those that rise above 
relatively shoal-water platforms and were shaped by the prevalent 
currents, which are largely wind induced; (6) those that more or less 
completely encircle the flat summits of eminences that rise from 
ocean depths. These rings are formed by constructional geologic 
agencies, because, as submarine solution by sea water in such areas 
and at such depths is chemically impossible, a lower, flat area, sur- 
rounded by a higher rim can not be formed by submarine solution 
or by any other known destructional agencies. The depths on such 
banks as Saba, Pedro, Rosalind, etc., indicate that they were in 
large part, at ens ce en dhemting part of Pleistocene time, 
and that the flat summits are largely due to processes operative in 
pre-Plesstocene time. What the processes were that caused the 
leveling of the summits is a matter of pure speculation, but it seems 
probable that they were subaerial erosion and submarine planation. 
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The living coral rims on the banks enumerated have formed during 
and subsequent to Recent submergence. 

A review of the conditions under which the principal barrier reefs 
in the Pacific Ocean were formed leads to essentially identical con- 
clusions. Those of the Australian Great Barrier, of New Cale- 
donia, the Fiji Islands, and Tahiti are superposed on antecedent 
platforms that have been submerged in Recent geologic time. The 
submergence of the Australian continental shelf apparently can be 
assigned to Recent rise of sea level because of deglaciation, as it 
seems that most of the surface of the platform was exposed as a dry- 
land area by withdrawal of water from the ocean during at least a 
part of Pleistocene time. The submergence of the Fijian platforms 
is concomitant with, if not entirely due to, differential crustal move- 
ment. The superposition of the barrier reefs off the shores of the 
smaller Society Islands on antecedent platforms is not proved. 
Evidence sufficient for the basis of an opinion is not available. The 
absence of reefs around Mehetia, where there is no shore platform, 
is significant. That the barriers off the other smaller islands were 
formed after the submergence of their basements is clear. The small 
cliffs at the spurs ends, in my opinion, do not constitute evidence 
- against the presence of shore platforms, flats, or lowlands, ante- 
cedent to submergence. That ocean level in the Indo-Pacific, 
because of deglaciation, in Recent time has risen to an amount of 
about 60 meters (about 33 fathoms) as postulated by Humphreys 
and Daly, and that this rise of ocean level had influenced the 
development of living coral reefs, is, I believe, so well established 
as to be almost if not quite incontrovertible. 

The rims of the large atolls, and perhaps of the smaller ones also, 
are growing, in my opinion, on the surfaces of, mostly the edges of, 
flat summit areas that have undergone geologically Recent submerg- 
ence. These flats, I believe, were mostly formed in pre-Pleisto- 
cene time, and it is my opinion that they were largely out of water, 
or were very near the surface of the water, during Pleistocene time. 
If they projected above the water for an appreciable time, they should 
have been wave cut around their edges by the lowered Pleistocene 
sea, and evidence of such benching should be sought. I believe the 
evidence will not be found on the hydrographic charts at present 
available, for the object of the published charts is to guide navigators 
rather than to serve as a basis for physiographic studies of the sea 
bottom in depths where navigation is safe. 

From what precedes I believe it is clear that I consider that there 
are two factors that determine the vigorous development of offshore 
reefs, which under the most favorable conditions form barriers or 
atoll rims, the other proper ecologic conditions also being present. 
The first factor is the existence of an offshore flat, which may have 
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a land area on one side and open ocean on the other or which may 
be the top of an oceanic eminence. The second factor is gradual sub- 
mergence. The vigor of offshore reefs where these conditions pre- 
vail can be correlated with certain ecologic demands of reef-forming 
corals. 

Reef corals thrive on offshore fiats, near or against ocean water, 
because they are there removed from the deleterious effects 
of both land-derived and other sediment. Some of these rela- 
tions are well exemplified in the barrier reef off the east side of 
Andros Island, Bahamas. This reef grows on the outer, windward, 
edge of a small shallow flat, against the deep water of the Tongue of 
the Ocean. As the winds set landward across the reef no oceanic 
or land-derived sediment is deposited on the reef, it is bathed by 
the purest ocean water, and receives the largest amount of animal 
plankton that that part of the sea can supply. On the great shoals 
of the Bahama Banks and in the shoal waters of Florida behind the. 
reefs the winds stir up the mud on the bottom; the sediment while 
in suspension kills the plankton ; when it settles it kills those bottom- 
living organisms that can not endure being covered by mud. On such 
flats reef-forming corals can not live. On shallow banks coral 
reefs therefore thrive best on the windward sides. However, if the 
flat extends far enough offshore for land-derived sediment not to 
reach the reef and if the depth is sufficient for waves under ordinary 
conditions not to stir up the mud on the bottom, but not too deep 
for the growth of reef corals, barriers may develop on the leeward 
sides of islands. A land area to the windward may actually 
favor coral growth, as it breaks the force of the winds. A position 
on an offshore flat, particularly on the windward edge of a flat, 
insures a supply of the purest ocean water and an abundance of 
animal plankton. 

The gradual submergence of an offshore flat perpetuates the favor- 
able conditions for the life of reef-building corals, and gives an 
opportunity for continual growth upward. With upward growth 
during slow submergence of the basement the ecologic conditions 
for the life of reef-forming corals are made better, for the deleterious 
effects of sediment are minimized. 

As regards the life of corals, the method of bringing about these 
conditions is of no importance. Whether the flat was formed by 
marine planation, by alluviation and the building of a coastal flat, 
by base-leveling through subaerial erosion, by the formation of a 
submarine plain of deposition, or by any other special process, is 
unimportant, provided the flat be formed. Whether the submerg- 
ence be caused by differential crustal movement, local or remote, or 
by rise in ocean level due to the melting of glaciers, is unim- 
portant, provided there be gradual submergence of the basement. 
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The manner of producing the result is subordinate to the result. 
However the conditions may be brought about, preexistent flats 
and gradual submergence are two factors needed to supply continu-. 
ously favorable conditions for the growth of reef-forming corals. 
The importance of deglaciation on modern coral-reef development 
consists in its having caused a gradual and moderate increase in the 
depth of the ocean, thereby producing submergence both in rate 
and amount favorable for the growth of reef-forming corals. 

The general conclusions here expressed are similar to those pre- 
viously published in a number of my papers. Before discussing the 
bearing of my conclusions regarding the formation of coral reefs on 
the theories advanced by others, [ will give brief attention to some 
remarks by Prof. W. M. Davis. The following paragraph is copied 
from a paper by him entitled: The origin of coral reefs.1. Similar 
remarks occur in others of his papers. 


Reefs and Reef-Platforms. A modification of Darwin’s theory has lately been 
proposed by Vaughan, whe regards recent submergence proved by the embayments of 
the central islands as the determining cause for the upgrowth of existing barrier reefs 
but who interprets the deeper and larger part of the entire reef mass as an independent 
“platform” of earlier origin. As this investigator has not yet published his views 
regarding the origin of the reef-platforms his modification of Darwin’s theory will not 
be here discussed further than to note that it seems inapplicable to many barrier 
reels in the Fiji and Society groups; that the discontinuity of certain barrier reefs 
seems to be explicable on the assumption of imperfect upgrowth during and after 
a recent and rapid subsidence as well as on the assumption of independent origins for 
the reefs and their platforms; and that, while the extension of reef-platforms outside 
of the coral zone as in the case of the Great Barrier reef of Australia, truly suggests a 
dual origin of reef masses, this does not exclude the contemporaneous growth of plat- 
form and reef within the coral zone during long-continued but irregular or intermittent 
subsidence. 


Most of the objections raised by Professor Davis have been an- 
swered on preceding pages of this paper. It will be obvious to those 
who have read what I have said that my inferences as to submergence 
are by no means confined to the evidence of embayments in shore 
lines. In fact, many submerged areas show no clear-cut shore-line 
embayments. It will also be obvious that the interpretation I am 
making did not originate with me. KE. C. Andrews, in 1902, after his 
work on the Great Barrier reef of Australia, put forward in essential 
principles the same explanation. 

In answer to Professor Davis’s statement ‘‘regarding the origin of 
the reef platform,” I will say that the recognition of the fact of super- 
position does not require knowledge of the constitution or origin of 
the basement on which an object or structure has been superposed. 
We may recognize the fact that a book lies on a table without knowing 
the kind of material of which the table is composed or the process of its 


1 Nat. Acad. Sci. Proc., vol. 1, pp. 146-152, March, 1915. 
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manufacture; there is controversy as to the origin of the Sunderland 
terrace in Maryland and Virginia, but no geologist will deny that 
certain houses have been built on the surface of the Sunderland 
terrace flat; although the geologic history of the pre-Cambrian 
formations in Michigan and in other areas adjacent to the Great 
Lakes may be inadequately known, no one is justified in denying for 
such a reason that glacial deposits overlie the geologically old rocks, 
as it is obvious that the overlying material has in some way been 
placed on the underlying. The superposition of a geologic formation 
on another may be recognized without knowing the complete history 
of either the upper or the lower. The oligocene coral reef along 
Flint River near Bainbridge, Georgia, rests on the eroded surface of an 
upper Eocene limestone now designated the Ocala limestone. That 
knowledge of the Ocala limestone may not be adequate does not 
invalidate the recognition of the facts that the fossil reef overlies it 
and that an erosion period intervened between its deposition and the 
growth of the reef, which obviously formed during or after the sub- 
mergence of its basement. . 

To ascertain the origin of the submarine flats on which offshore 
reefs stand is important in the advancement of our knowledge of 
geologic history, and I have acquired as much information on the 
subject as I could. JI am completely convinced that there is no one 
explanation that can be applied to all of them. The following kinds 
have already been recognized: (1) Slightly tilted bedded tuff, as in 
the fossil reefs of Antigua; (2) slightly tilted bed of limestone, as off 
the south coast of St. Croix and Cuba; (8) submerged coastal flats, 
as in the Fiji Islands; (4) submerged peneplained surfaces, as in the 
fossil reefs of Porto Rico; (5) submarine plains due to uplift of con- 
siderable areas of the ocean bottom and to the deposition of organic 
deposits on such a surface, as the Floridian Plateau previous to the 
formation of the middle and upper Oligocene reefs of Florida and 
southern Georgia; (6) flats of complex and not definitely known origin, 
such as those of the Antigua-Barbuda Bank, the Virgin Bank, and 
the continental shelves of tropical America and Australia. Plains 
suitable for the growth of corals have been formed by subaerial and 
submarine deposition, and by both subaerial base-leveling and sub- 
marine plantation. Nearly every, if not every, plain-producing 
process operative in tropical and subtropical regions has taken part 
in the formation of plains on which corals have grown or are growing 
where the plains have been brought below sea level and where the 
other ecologic conditions for offshore reef formation obtain. 

I will revert to this subject in discussing the Glacial-control theory 
and in making suggestions as to future research. 
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BEARING OF THESE CONCLUSIONS ON HYPOTHESES OF THE FORMATION OF CORAL 
REEFS. 


How do my results compare with the theories and hypotheses 
advanced by others? Before considering my conclusions in their 
relation to those reached by other investigators, I wish to make a few 
general remarks on the literature appertaining to coral reefs. It is a 
subject that, in order to be properly treated, requires a considerable 
diversity of knowledge, as biologic, oceanographic, and geologic 
problems are involved. Very rarely has it been practicable for a man 
to be a specialist in all of these fields. Usually, as any investigator 
has been specially qualified in only one or two of them, he has paid 
particular attention to those subjects with which he was familiar, and 
nearly always did good work in those subjects; but in those fields in 
which he has been only casually engaged, his work is nearly always 
amateurish, and his conclusions are in. many instances erroneous. 
Should we expect a indn who is primarily a biologist to be an expert 
in geology, especially when he attempts geologic work after he arrives 
at the place where he expects to conduct his investigations, without 
having had previous experience? Should we expect a man who has 
riveted his attention on dry-land physiography, and who has not 
thought of biologic problems or of the physiography of the sea 
bottom to take information from those branches of science? In 
reading the many publications on coral reefs, I am impressed with the 
particular, personal interests of the investigators, but what strikes. 
me more forcibly is the excellence of nearly all the papers. I know 
no paper by a serious scientific man on a coral-reef area that does not 
contain records of valuable observations and correct conclusions. I 
have had the wish to write an account of the very gradual growth of 
the knowledge we now have of coral reefs, and point out how each of 
the successive workers has contributed toward making that know]l- 
edge what it now is. It would be a record of honorable achievement. 
In the short review to follow I trust I may point out some of the 
substantial additions to be credited to those whose opinions I shall 
discuss. 

1. The Darwin-Dana hypothesis, in my opinion, is correct as regards 
the formation of offshore reefs during and after submergence; but as 
regards the formation of a prism of reef material, the upper surface 
of which forms a flat behind the barrier, their theory is wrong for 
every area on which we have definite information. Although the 
theoretic possibility of the conversion of a fringing reef into a barrier 
and a barrier into an atoll may not be denied, no instance of such 
conversion has yet been discovered. The inferences of Darwin as to 
areas of subsidence and of elevation, as shown on plate 3 of his work, 
are largely in error, for barrier reefs are present where there is not 
general crustal subsidence, as Foye points out in his paper on the 
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geology of the Fiji Islands, where ‘‘since the Pleistocene period the 
algebraic sum of the movements has been positive and uplift has 
resulted.’’! Very many similar instances, the Bermudas, the Bahamas, 
Florida, and Cuba among them, can be given. The criticisms of the 
Darwin-Dana hypothesis apply to the recent publications of W. M. 
Davis. 

2. Semper, Alexander Agassiz, and others, who have maintained ~ 
that barrier coral reefs have formed in areas of uplift, are correct, if 
the sum total of the movements since some date back in Tertiary 
time be considered, and their observations and deductions are valu- 
able in that they emphasize these facts; but they are in error in that 
they failed to take into account that in many areas there is incon- 
trovertible evidence showing submergence of the basements of the 
now-living reefs. Semper made astute observations on currents, but 
his deductions as to the formation of lagoons by destructional proc- 
esses are not warranted. 

3. Sir John Murray invented a very stimulating hypothesis, and 
correctly emphasized the necessity of taking submarine planation 
into account in studies of the basements of coral reefs. He, however, 
overlooked important facts clearly proving Recent submergence in 
coral-reef areas, and his theory of the formation of atoll lagoons and 
lagoon channels through submarine solution by sea water is entirely 
disproved, and there are no other known destructional processes 
whereby lagoons may be formed, for lagoons are areas of sedimentation 
in which fillmg predominates over removal of material. 

4. Guppy is correct in his interpretation of offshore reefs being 
superposed on submarine platforms or “ledges,” and he made nu- 
merous valuable contributions to our knowledge of coral reefs, but he 
failed to take into account evidence showing Recent submergence. 

5. Admiral Sir W. J. L. Wharton made one of the greatest con- 
tributions to our knowledge of atolls when he discovered the flatness 
of the floors and the uniformity of depth in atoll lagoons, and he 
pointed out the inadequacy of the Darwinian hypothesis to explain 
these phenomena. He emphasized the importance of submarine 
planation in leveling the top of peaks that reach or almost reach sea 
level, and definitely suggested the superposition of coral patches and 
atoll rims on flats produced in that way. He not only did not oppose 
the subsidence of such flats, but he thought that they frequently do 
‘‘subside and that some of the deeper lagoons may owe their depths of 
50 fathoms or so to such a movement, quite apart from subsidence 
of large areas which we know occurs.’’ The only emendations of these 
statements that I can suggest is that the probable effects of glacia- 
tion and deglaciation might have been considered. 


1 Nat. Acad. Sci. Proc., vol. 3, p. 309, 1917. 
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6. Alexander Agassiz correctly observed the superposition of the 
living coral reefs of the Bermudas and the Bahamas on older lime- 
stone foundations that stood above sea level previous to the sub- 
mergence which made possible the formation of reefs in the places 
where they now grow. He also pointed out the superposition of the 
Floridian, Cuban, and Central American living reefs on antecedent 
platforms or older limestone. He showed that in several areas in the 
Pacific the sum total of local crustal movements since some time in 
the Tertiary period had been upward. But he failed to take account 
of Recent submergence in Florida, the West Indies, and Central 
America, and he advanced the hypothesis that the living offshore 
reefs of the Pacific are superposed on wave-cut platforms without 
change of sea level by submergence of the land. I believe Agassiz 
correct in his emphasis of the need of an antecedent platform for the 
vigorous growth of offshore reefs; but he did not recognize the clear 
evidence of Recent submergence of the shores of the reef-encircled 
islands, and unfortunately tried to explain the formation of lagoons 
by submarine solution and scour. 

7. E. C. Andrews, I believe, is incontrovertibly correct in the 
essentials of his interpretation of the conditions under which the 
Great Barrier Reef of Australia has formed; that is, it is superposed 
on that part of the recently submerged Continental Shelf of Australia 
that lies within the temperature zone favorable for the life of reef- 
forming corals. 

8. Stanley Gardiner, who has made great contributions to our 
knowledge of Indo-Pacific corals and coral reefs and whose work on 
the oceanography of the Indian Ocean is justly rated as classic, com- 
mitted the same errors in interpreting the geologic relations of coral 
reefs as did Murray and Agassiz. He failed to infer submergence 
from shore line characters and advocated the formation of lagoons 
through submarine solution by sea water. 

9. Hedley and Griffith Taylor agreed in all the essentials of 
Andrews’s interpretation of the conditions under which the Australian 
Great Barrier formed; they opposed Murray’s solution hypothesis for 
the formation of lagoons, and correctly emphasized the importance of 
currents, largely wind induced, in the shaping of the atolls along the 
Great Barrier. 

10. Daly. did not originate the Glacial-control theory of coral 
reefs, but he is its principal exponent. The following ascertained 
relations of living offshore coral reefs conform to the demands of this 
hypothesis: (a) They are superposed on antecedent basement flats; 
(b) the amount of recent submergence, between 30 and slightly more 
than 20 fathoms, without deducting the amount of Recent up-build- 
ing of the sea bottom, which probably is as much as a few fathoms, 
is of the order of magnitude expected from deglaciation; (¢) the 
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rate of growth of corals is known to be of such an order of magnitude 
as to account for the thickness of any known living coral reef by 
the growth of coral-reef organism since the disappearance of the 
last great continental glaciers. As Daly is not a specialist on corals, 
he has made some errors in his discussions of the geologic history 
and ecology of corals, but these errors do not affect the validity of 
glacial control being one of the dominant factors in modern coral-reef 
development. The only important point on which I am not in agree- 
ment with him is the evaluation of Pleistocene marine planation. I 
have shown that the Floridian Plateau has existed as a plateau at 
least since late Kocene time, and there have been extensive submarine 
flats in certain West Indian areas since late Eocene or Oligocene time. 
The submarine profiles that I have drawn for the West Indies, 
Central America, and Australia indicate Pleistocene benching in 
depths between 26 and 36 fathoms, without deducting anything for 
Recent upbuilding of the sea bottom. Certain West Indian and 
Central American reefs and the Australian Great Barrier, I, therefore, 
believe are growing on what were dry-land areas during at least a 
part of Pleistocene time. It, therefore, seems to me that many of 
the flats discussed by Daly are of pre-Pleistocene age, and that he has 
over-evaluated Pleistocene marine planation. Daly admits that there 
has been local crustal movement in some coral-reef areas. 

11. Wood Jones is undoubtedly correct in attaching great im- 
portance to the effects of sediment on the formation of coral reefs. 
No one who has had actual experience with coral reefs can for a 
moment doubt it. He also correctly accepts the interpretations 
of Andrews and of Hedley and Griffith Taylor for the Great Barrier 
of Australia, joining with the latter two in their opposition to the 
solution hypothesis and in their emphasis of the effects of wind- 
induced currents in shaping the segments of a reef. He, however, 
appears not to have appreciated the importance that, in my opinion, 
should be attached to submergence as factor in coral-reef formation. 

12. My own opinions can be very simply stated: (a) Fringing reefs 
seem always to have unconformable basal contacts; they may beformed 
after submergence that is not followed by uplift or during intermittent 
uplift that follows submergence; that is, they may form during periods 
of either emergence or submergence of land areas. Are the basal con- 
tacts really significant ? Must not these contacts in the very nature of 
the case be unconformable? If the basement has moved up with 
reference to sea level and a reef begins along the strand line, the 
basement of the reef will certainly be different from the reef itself 
and there will be an obvious unconformity. If the land mass sub- 
sides and a fringing forms along shore, the base of the reef will surely 
exhibit unconformable relations. I am unable to imagine a fringing 
without an unconformable basal contact. I never saw one that did 
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not have such a contact. (6) Offshore coral reefs, barriers, and 
atolls, form on antecedent flattish basements during and after sub- 
mergence in areas where the general ecologic conditions are suitable 
for coral growth, as stated on page 240. This generalization applies 
to fossil as well as to living reefs. (c) Recent rise of sea level because 
of deglaciation has made conditions favorable for coral-reef formation 
over enormous areas, and it is one of the important factors in causing 
the great development of coral reefs at the present time. But in 
some areas, as in the Fijis, the flats on which the reefs are growing 
are coastal flats that have been brought below sea level by tilting, 
as described by Andrews and Foye. (d) The theoretic possibility of 
the progressive change of a fringing reef into a barrier and later into 
an atoll, according to the Darwin-Dana hypothesis, may not be denied, 
but no instance of such a transformation has as yet been discovered. 
(e) The coral-reef investigation is of value to geology, not so much 
because of what has been discovered regarding corals as it is that 
it has led to the study of a great complex of geologic phenomena 
among which corals and coral reefs are only incident. Further inves- 
tigations of the phenomena associated with coral reefs are among the 
great desiderata of geologic research. 


SUGGESTIONS AS TO FUTURE INVESTIGATIONS. 


Before closing this discussion I will present a few suggestions that 
to me appear pertinent. 

1. It is my belief that, although ecologic notes are of much value 
in systematic work, not a great deal more advantage will result 
from such ecologic investigations in areas where corals are luxuriant 
as those conducted by Gardiner, Wood Jones, and others, including 
myself. We need to know more of the physiology of corals, but such 
researches must be conducted by expert physiologists. There is 
great need for ecologic work in the waters northward and southward 
from the coral-reef zone. Within the coral-reef zone there are three 
faunas delimited by depth and temperature. What happens outside 
the coral-reef zone? Do the deeper-water forms live in shallower 
water as the high latitudes are attained? Is it depth or temperature 
that causes the vertical faunal distribution within the Tropics? 
More knowledge of the ecologic relations of the deeper-water faunas 
in the Tropics and of the faunas in both shoal and deep water in the 
temperate zones of the ocean is of great importance to geologists, 
for such knowledge would furnish a basis for interpreting the physical 
conditions under which some of the fossil faunas lived. For some 
years I have wished to make an investigation of the kind outlined, 
but other duties have prevented the fulfilment of my desire. There 
is a large amount of morphologic work needed, both on the skeletons 
and on the soft parts of corals, but particular consideration of this 
subject is scarcely in place here. 
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2. The study of sediments in coral-reef areas has scarcely been initi- 
ated. Accurate determination of the source of the constituents of 
calcium-carbonate bottom-deposits should be made, the deposits should 
be classified according to their constituents, at least the area occupied 
by each kind of deposit should be ascertained as nearly as is practi- 
cable, and an endeavor should be made to ascertain the rates at 
which the different kinds of sediments accumulate. The results from 
investigations of this kind are of vital importance to geology, for 
only by firmly basing our inductions on wide and accurate knowledge 
of what is now happening in the ocean can we hope to make reliable 
deductions concerning the origin of and the conditions under which 
older sediments were formed. The quantitative evaluation of the 
work done by the different agents cooperative in the production of 
the different kinds of sediments should be an object constantly in 
mind. Although this is essentially a new field of research, during 
the past few years a number of investigators have notable achieve- 
ments to their credit. 

3. Detailed studies of the general geology of tropical islands and con- 
tinental areas adjacent to tropical and subtropical waters should be 
undertaken wherever possible. These investigations should include 
consideration of the stratigraphic and structural geology, the petrog- 
raphy of both the igneous and sedimentary rocks, very detailed work 
on the stratigraphic paleontology, and the physiography of the land 
areas. We now know that, by combining knowledge gleaned from the 
study of many relations, it is possible not only to recognize for an 
area the succession of rocks, their age equivalents in other areas, and 
their deformational history, but that it is also possible to ascertain 
the successive physiographic stages and other physical conditions 
throughout at least a considerable part of the history. The structural 
relations of the successive formations, the nature of the contacts of 
formations, and the character of the sediments, are among the criteria 
to be used in making the latter kind of deductions. Of how many 
tropical areas are there topographic maps on ascale of 1 : 62,500 or of 
1 : 125,000? Many areas, where the geology is very complicated, 
should be mapped on a scale of at least 1 : 20,000. The very detailed 
studies of a few carefully selected areas would supply keys for other 
areas and thereby accelerate work in other areas. Detailed work 
of the kind suggested should be done in Antigua, St. Bartholomew, 
St. Martin, and Anguilla, in the West Indies, for each of these islands 
typifies certain phenomena that are critical in elucidating the history 
of the West Indies, Central America, the southern United States, 
and northern South America. 

4. Biogeographic investigations supply a basis for deductions regard- 
ing former lai.d ecnnections and the dates of the separation of islands 
that may have been parts of large land masses. 
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5. Shore-line history is obviously an essential part of the study of 
coral reefs. But the entire story can not be deduced fro + tio infor- 
mation furnished by all of the lines of investigation above suzzesiei 
The configuration of the sea bottom needs to be studied, both im 
plan and profile. Notwithstanding the great amount of work that 
has been done on oceanic hydrography, close attention to the minor 
configuration of the sea bottom and attempts to draw inferences from 
such studies are of very recent date. Since most hydrographic 
charts were not intended to serve as a basis for such researches, we 
are fortunate that we can extract so much information from them. 
Although it is probable that a much larger amount of data is on 
the charts than has as yet been utilized, that additional hydrographic 
research is needed is obvious. What are submarine slopes off the 
divide ends in reef-encircled islands? What is the character of the 
slopes off both the reefs and the breaks in the reefs? The problem 
of submerged terraces, flats and fronts, has barely been touched. 
How extensively are such features present, and what is their signifi- 
cance? These considerations lead to inquiries regarding wave base, 
the rate of motion of the water, the erosional and transporting power 
of the water while in motion at different rates, and the relations of 
erosion and transportation to depth. Although the factors men- 
tioned are among those that determine the profile of subaqueous 
equilibrium and must be considered in their relation to it, there are 
other factors, among which are the initial slope of the bottom, the 
hardness and degree of consolidation of the material forming the 
bottom, and the attitude, height, and hardness of the rocks at the 
shore. More informaticn on this complex of problems is urgently 
needed. 

Sea level rises or falls with reference to the land, or the land rises 
or falls with reference to the sea level. That there have been many 
shifts in the position of the strand line since the beginning of Pleisto- 
cene time is* known to every geologist. He also knows that in many 
areas shifts have been caused by tilting or flexing of parts of the 
earth’s crust, and that there must have been lowering of sea level 
while there were great continental ice sheets, followed by rise of 
sea level wher’the ice sheets melted. How much of the geologically 
Recent change in the position of strand line is to be attributed to 
chmatic causes and how much to differential crustal movement ? 
More accurate and areally more extensive studies of shore-line his- 
tory should enable a more precise evaluation of the effects due to 
each than is now possible. Such investigations must not be confined 
to tropical and subtropical areas—they must be world wide. 

Then there is the problem of Pleistocene wave cutting. I believe, 
for reasons stated elsewhere, that Daly has overevaluated the effects 
of Pleistoceme marine planation. Has either of us really enough 
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information to be convincing? Should answers to the questions 
raised in the preeeding two paragraphs be forthcoming, and if we 
can make reliable estimates of the duration of the Pleistocene, the 
amount of marine planation while sea level was lowered in the Pleis- 
tocene might be more nearly approximated. 

In conclusion, I wish to say that the questions and suggestions con- 
tained in the foregoing remarks have grown out of a study of corals 
and coral reefs and the phenomena associated with them; and al- 
though it may have been shown, that corals are not so important as 
they were once considered to be, geolgists should be grateful for the 
romantic interest inspired by these lowly animals, for this interest 
has led us into the presence of some of the profoundest problems of 
geology. Perhaps the interest will endure and it may lead us to a 
better understanding of the world of which we form a part. 
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SYSTEMATIC ACCOUNT OF THE FAUNAS. 


Class ANTHOZOA. 
MADREPORARIA IMPERFORATA. 
Family SERIATOPORIDAE Milne Edwards and Haime. 


1849. Seriatoporidae Mitnr Epwarps and Haime, Comptes Rend., vol. 29, p. 262. 
1869. Pocilloporidae VERRILL, Essex Inst. Proc., vol. 6, p. 90. 
1870. Stylophoridae VERRILL, Conn. Acad. Arts and Sci. Trans., vol. 1, p. 514. 
In a recent publication’ I have stated that while I seriously 
doubted the propriety of placing Stylophora and Pocillopora in 
separate families, the traditional usage was-followed. Additional 
study since that statement was written has convinced me that Stylo- 
phora, Servatopora, and Pocillopora all belong to the same family. 
In fact, it seems that both Seriatopora and Pocillopora are derived from 
Stylophora, mostly through retrogression in the development of the 
septa. Itis hoped to present in a future paper the evidence on which 
this suggestion is based. 


Genus STYLOPHORA Schweigger (emend. Milne Edwards and Haime). 


1819. Stylophora ScHWEIGGER (part), Beobacht. auf Naturf., pl. 5. 

1820. Stylophora ScuweieceER, Hand. Naturg., p. 413. 

1830. Stylophoraand Sideropora DE BLAINVILLE, Dict. Sci. nat., vol. 60, pp. 319, 
351. 

1835. Anthopora Gray, Zool. Soc. London Proc. for 1835, pt. 3, p. 86. 

1846. Sideropora Dana, U.S. Expl. Exped. Zooph., p. 517. 

1850. Stylophora Minne Epwarps and Haime, Ann. Sci. nat., ser. 3, Zool., 


vol. 13, p. 102. 
1857. Stylophora Minne Epwarps and Hare, Hist. nat. Corall., vol. 2, p. 133. 
1861. Stylophora DE FROMENTEL, Intr. Polyp. foss., p. 179. 
1884. Stylophora DunoaN, Linn. Soc. London Journ., Zool., vol. 18, p. 45. 


Type-species.— Madrepora pistillata Esper. 
Duncan in his papers on the Fossil Corals of the West Indies either 
describes as new or lists the following species: 
From the Eocene of Jamaica: 
Stylophora contorta (Leymerie) + 1 var. 
From the Eocene of St. Bartholomew, Cleve collection: 
Stylophora compressa? Duncan. 
distans (Leymerie). 


1 Carnegie Inst. Washington Pub. 213, p. 73, 1918. 
2 Although I have studied the collection rom St. Bartholomew submitted to Duncan, I could recognize 


only one species which I have divided into our varieties. 
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Stylophora conferta Reuss. 
tuberosa Reuss. 
affinis Duncan (described from Santo Domingo). 
granulata Duncan (described from Bowden, Ja- 

maica). 

From Santo Domingo: 

Stylophora affinis Duncan. 

var. minor Duncan (a valid species). 
raristella (Defrance). 

From Bowden, Jamaica: 

Stylophora granulata Duncan. 

From St. Croix, Trinidad: 

Stylophora minuta Duncan. 
raristella (Defrance). 
mirabilis Duncan (not Duchassaing and Michelotti). 

I described in 19001 Stylophora ponderosa from the Oligocene of 
Salt Mountain, near Jackson, Alabama, and Stylophora minutissima 
from the Oligocene of Blue or Russell Spring, near Bainbridge, 
Georgia. 

I recognize as valid the six species described as new by Duncan and 
the two later described by myself. Duncan’s identifications of West 
Indian specimens with European species are all discarded as they are 
probably erroneous. 

In addition to the six species here described as new, I have de- 
scribed six other species in manuscript not yet published, making a 
total of at least 20 species of Stylophora known to me from the 
American Tertiary formations. The stratigraphic range of the genus 
in America is from the upper Eocene to Miocene. 


STYLOPHORA IMPERATORIS, new species. 
Plate 74, figs. 1, la, 2, 3, 4, 4a, 5. 
Corallum attaining a rather large size, the basal part of some 
colonies as thick as a man’s wrist. The cross-section of branches 
ranges in form from subelliptical to curved lamellate. The following 


are the diameters of the broken ends of the specimen, which is 62.5 
mm. long, represented by plate 74, figure 1. 


Diameters in millimeter s of branches of Stylophora imperatoris. 


| Lesser | Greater 
| diameter, diameter. 
a | x 
IB asalem det ria bihe eee eee lial syste Ali yer aide lay tye ee atc UN SECS UO BENE pea Ne ONO | 14.5 27.0 
Smalleribranch yy se TE EGS EL SNR Ree) SRC Gee ro eer weed 13.0 eats: 
Widerbranch® fase ba Bagge ite. Shhh ee ye Pe paca Teele ile aad | 9.5 to 16 34 


1U. 8. Geol. Survey Mon. 39, p. 132, 1900. 
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The branch terminals are compressed and often form sinuous 
plates. Thickness just below the summits about 3 mm.; width very 
variable, ranges from 6 or 7 up to 25mm. Nodule-like growths are 
frequent on the sides of older branches. 

Calices on older parts of the corallum from 1 to 1.3 mm.in diameter, 
therefore rather large and conspicuous; intervening walls from 0.75 
to 2 mm. across, usually about 1.25 mm. Near and on the branch 
summits the calices are usualiy crowded and slightly less than 1 mm. 
in diameter. Upper margin of the calices usually more prominent 
than the lower, sloping slightly downward, externally finely costulate. 

Septa, 6 primaries distinct, well developed, extending to the col- 
umella, the directives more prominent than the other primaries; 
secondaries are small or obsolete, if they were present they usually 
have been destroyed in the type and paratypes of the species. 

Columella, a small, only slightly prominent style. 

Coenenchyma dense; its surface beset with pointed granulations. 

Localities and geologic occurrence.—Canal Zone stations 6016, in the 
Emperador limestone, quarry, Kmpire, where some hundreds of 
specimens were obtained; 60246, lower end of culvert, Panama 
Railroad (relocated line), on Rio Agua Salud, in the upper bed, col- 
lected by T. W. Vaughan and D. F. MacDonald. Station 6026, in the 
Culebra formation, 24 miles south of Monte Lirio, Panama Railroad 
(relocated line), collected by T. W. Vaughan and D. F. MacDonald. 

_ Anguilla, station 6894, bluff, south side of Crocus Bay, in the lower 
50 feet of the exposure, collected by T. W. Vaughan. (See pl. 
74, figs. 4, 4a.) 

Doctor MacDonald obtained the specimen represented by plate 
74, figure 5, at station 1863 of the canal commission, on the west 
side of Gaillard Cut, between points opposite Cucaracha and Paraiso, 
station 5853 of the United States National Museum locality register. 
The specimen came from a layer, about 24 feet thick, consisting of 
pebbles, gravel, and tuffs cemented with calcareous material; below 
the layer is gray, flaggy sandstone and tuff beds; above it is gray, 
flagey sandstone, in thin layers separated by partings of carbonaceous 
black shale. The geologic horizon therefore seems to be in the Culebra 
formation, probably near its top. The specimen appears to be a form 
of Stylophora imperatoris in which the calices are more crowded than 
usual, as it agrees with that species in all other characters. 

Type.—No. 324752, U.S.N.M. ; 

Paratypes.—-Nos. 324753, 324754, U.S.N.M. 


STYLOPHORA PANAMENSIS, new species. 
Plate 75, figs. 1, 1a. 


Corallum, branches more or less contorted plates (see pl. 75, fig. 1). 
The thickness of the lower end of the type is 12.5 mm.; width, 
exceeds 28 mm.; length from base to summit, 38 mm. 
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Calices small, apertures from 0.5 to 0.75 mm. in diameter; crowded, 
maximum distance apart 1 mm., usually less than 0.5 mm.—that is, 
less than a calicular diameter apart. Margins very slightly or not 
at all elevated; upper wall in places forms an obscure upper lip. | 

Septa, the six primaries distinct, fuse in the calicular axis, directive 
plane well marked; secondaries not recognizable in the type-speci- 
mens and appear to be absent, but it is possible that they were present 
and have been destroyed by fossilization. 

Columella a compressed style, not prominent. 

Coenenchyma, surface badly worn in the type, but some granula- 
tions may be distinguished. 

Locality and geologic occurrence.—Canal Zone, station 6016, in the 
Emperador limestone, quarry, Empire, collected by T. W. Vaughan 
and D. F. MacDonald. 

Type.—No. 324763, U.S.N.M. 

S. panamensis has smaller and more crowded calices than S. 
amperatoris. 

STYLOPHORA AFFINIS Duncan. 


1863. Stylophora affinis DuNcaAN, Geol. Soc. London Quart. Journ., vol. 19, p. 436, 
pl. 16, fig. 4. 

1866. Reussia affinis DucHAssAING and MicHeExorti, Sup. Corall. Antilles, p. 70 
(of reprint). 

1867. Stylophora affinis DUNCAN, Geol. Soc. London Quart. Journ., vol. 24, p. 25. 

1870. Reussia affinis DucHassatna, Rev. Zooph. Antilles, p. 26. 


Original description.— Corallum branched, large; branches nearly 
cylindrical, leaving the stem at an acute angle, slightly flattened on 
one side. The largest stem is four-fifths inch in diameter. Blunt, 
aborted, branchlike swellings exist on some of the larger stems. 
Corallites radiating from the center of the stem and branches, sepa- 
rated by about their own width of dense coenenchyma, which is seen, 
in the larger specimens, to be very slightly cellular. Walls not distin- 
guishable from the coenenchyma in the substance of the mass, but 
slightly raised into a very shallow crateriform edge on the surface. 
Calices circular, a very little raised as crateriform elevations, very 
numerous, disposed irregularly, but very nearly equidistant in some 
places and less so in others; margins sharp. Diameter one-thirtieth 
inch [0.83 mm.], rarely larger. The calicular margin, when well pre- 
served, looks like a little ring placed on the intercalicular space, and 
the small styliform columella renders the appearance very distinct. 
Interealicular spaces marked by a continuous and rigid line, which, 
being in the part of the spaces at the base of the calicular eleva- 
tions, and being continued round each calice, is, from its general 
straightness, formed into irregular polygons. The line is sensibly 
raised, convex, and now and then dentated. Between the line and 
the calicular margin there are distinct papillae, one row at the very 
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marginal edge, the other corresponding to it a little lower down the 
calicular wall; a third is sometimes seen; and in places where there 

is an unusual distance between the calices, and when the ‘line’ is 
- wanting, the papillae are numerous, distinct, and a little smaller. 
The line and the papillae form a very marked distinction. Between 
some calices there are faint elevations. Septa whole, not exsert, but 
little visible in perfect calices, but very distinct when the coral is 
worn. Upper margin perfect and concave upward, the septa ap- 
pearing festooned to the columella; they are delicate, very little 
thicker at the wall than elsewhere, and join the columella high up 
near its point. The papillae at the calicular edge extend a little on 
the wall, and may be considered as rudimentary septa and costae; 
if so, there is a second cycle, and also a third in half of each system. 
The persistence of six septa, nearly all of the same size, is very re- 
markable. Columella styliform, large and dense in the corallite, and 
forming a rounded-off cylinder with a sharpish rounded tip, which is 
very distinct halfway down the calice. Calicular fossa shallow, 
about half as deep as broad. Endothecal dissepiments stout, trans- 
verse, numerous. The walls and columella do not fill up the lower 
parts of the corallites. Increase by extracalicular gemmation. 

“From the Nivajé shale. Coll. Geol. Soc.” 

Duncan reports the species from the Nivajé and Cerro Gordo 
shales, Santo Domingo. 

I have received 22 specimens labeled Siylophora affinis from the 
Museum of Comparative Zoology, and 6 from the Philadelphia 
Academy of Sciences. I have separated four of the specimens be- 
longing to the former institution and have described them as a new 
species. Six specimens are S. affinis, 9 are worn but probably are 
S. affinis, 2 seem to be different and possibly belong to a different 
species, 1 I refer to Duncan’s 8. granulaia. I think that two of 
Philadelphia Academy are referable to S. affinis, the four others are 
probably worn specimens of the same species. 

In the specimens that I have referred to S. affinis the upper margin 
of the calice is more prominent than the lower forming a small, pro- 
jecting lip. Duncan’s description in other respects is satisfactory. 
As the surface of specimens is easily worn by rolling, the upper lip 
of the calice and the surface ornamentation being destroyed, the 
positive identification of many specimens is rendered impossible. 
On the tips of the branches, which are blunt and rounded, the calices 
are crowded, with no development of intervening coenenchyma. 

Miss Maury obtained in Santo Domingo a single specimen, a piece 
of a small branch, of this species, on Rio Gurabo, zone D, associated 
with Madracis decaciis (Lyman), Pocillopora crassoramosa Duncan, 
Stephanocoenia intersepta (Esper), Orbicella limbata (Duncan), 
Orbicella cavernosa var. cylindrica (Duncan), and Syzygophyllia 
dentata (Duncan), 
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I collected at station 3446, in the La Cruz marl, first deep cutting 
east of La Cruz, near Santiago, Cuba, casts of the surface of a species 
of Siylophora. Squeezes of the surfaces of these casts agree eom- 
pletely with specimens from Santo Domingo identified by me as 
S. affinis. I am therefore attaching that name to the specimens. 
It is probable that similar casts from other localities in Cuba repre- 
sent the same species, 


STYLOPHORA PORTOBELLENSIS, new species. 


Plate 76, figs. 1, la. 


Corallum ramose, branches compressed, more or less contorted 
flabellate at the terminals. Growth form, therefore, similar to that 
of Stylophora iwmperatoris. The type is 37.5 mm. long; smaller 
diameter of basal end 10 mm., width of base about 13 mm.; maximum 
width of branch in horizontal plane about 22 mm., thickness at same 
level 10 mm. 

Calices shallow, diameter averages about 0.75 mm. or slightly 
less; distance apart approximately equals the calicular diameter, 
in places less, 0.25 to 0.5 mm.; margins flush with the coenenchymal 
surface, in places slightly elevated on the upper side, but not enough 
to form a distinct upper lip. 

Septa, six primaries distinct, rather thin, extend to the columella; 
no vestige of secondaries was observed. 

Columella, a pointed style, moderately prominent, thickened below 
the bottom of the calice. 

Coenenchyma dense or costulate with an intercalicular ridge and 
cells on its sides. The surface is worn, but vestiges of small granu- 
lations may be recognized. Axis of the corallum spongy. 

Locality and geologic occurrence.—Panama, probably from near 
Porto Bello, collected by D. St. Clair; geologic horizon unknown. 

Type.—No. 324762, U.S.N.M. 

This coral has considerable resemblance to Stytophora qoethalsi, but 
its calices are distinctly larger, and their upper margins are in some 
places slightly raised. Stylophora imperatoris has larger calices with 
distinct upper lips. Stylophora portobellensis appears most closely 
related to Stylophora affinis Duncan, from the Nivajé shale of Santo: 
Domingo. 

STYLOPHORA GOETHALSI, new species. 
Plate 75, figs. 2, 3, 4. 


Corallum ramose, with branches subelliptical or much compressed’ 
in cross-section, in this character resembling S. imperatoris. Branch 
summits frequently or usually with digitiform protuberances (see 
pl. 75, fig. 2). 

Calices shallow, decidedly small, 0.5 to 0.75 mm. in diameter; and 
relatively distant, from a calicular diameter up to 1.5 mm. apart. 
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Calicular margins obscurely or not at all elevated; without a pro- 
tuberant upper lip. 

Septa, six distinct primaries, about equal in size, extend to the 
columella; secondaries much smaller, but can be distinguished in 
the better preserved catices. 

Columella a small, shightly compressed, fairly prominent style. 

Coenenchymal surface closely set with pointed graaulations. 

Locality and geologic occurrence.—Canal Zone, at stations 6016, 
quarry in the Emperador limestone, Empire, Canal Zone, collected 
by T. W. Vaughan and D. F. MacDonald; 6026, in the Culebra 
formation, 24 miles south of Monte Lirio, Panama Railroad (relocated 
line), collected by T. W. Vaughan and D. F. MacDonald. 

Cotypes.—No. 324767, U.S.N.M. (3 specimens). 

Stylophora goethalsi resembles the Santo Domingan species, S. minor 
Duncan, which is ramose and has small calices, from 0.5 to 0.75 mm. 
in diameter. The end of the branches in S. goethalst are more com- 
pressed than in S. minor, its calices are slightly larger, and its 
secondary septa are better developed. Although closely related, 
they appear to belong to distinct species. 


STYLOPHORA MACDONALDI, new species. 
Plate 75, figs. 5, 5a, 6, 6a, 7, 7a. 


Corallum composed of elongate, slender, curved branches and 
branchlets, with bluntish, rounded summits. The only branch 
terminal that is perfect is represented by plate 75, figure 5. The 
following are measurements of four broken branches: 


Measurements in millimeters of branches of Stylophora macdonaldi 


Length | Diameter of | Diameter of 


Branch No. ‘| smaller end. | larger end. 


Just below the place ot bifurcation the parent branch is consider- 
ably compressed; in one branch the greater diameter below a fork 
is 12 mm., while the lesser diameter is only 6.5 mm. 

Calices rather shallow, but distinctly excavated; diameter, 1 mm.; 
distance apart from 0.5 to 1.5 mm., usually less than the calicular 
diameter; margins usually slightly or not at all raised, but knots 
correspond to the outer ends of the septa. There is no upper lip to 
the calices. 

Septa, six well-developed, strong, subequal primaries extend to 
the columella; secondaries small but usually distinct. Subequal 
knots correspond to the outer ends of the two cycles of septa, and a 
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smaller knot with no corresponding septam usually occurs between 
each paic of larger knots. 

Columella, a distinct, round, moderately prominent style, very 
slightly compressed in the directive plane. 

Coenenchymal surface roughly granulated, from 1 to 4 rows of 
granules between calices, depending on their distance apart. 

Localities and geologic occurrence.—Canal Zone, in the Emperador 
limestone at stations, 6016, quarry, Empire; 60246, lower end of cul- 
vert, Panama Railroad (relocated line), on Rio Agua Salud in the 
upper bed, collected by T. W. Vaughan and D. F. MacDonald. 

Cotypes.—No. 324769, 324770, U.S.N.M. (7 specimens). 

Of other species of Stylophora with which I am acquainted 8. mac- 
donaldi seems to resemble most S. granulata Duncan from Bowden, 
Jamaica. S. granulata has deeper calices, less developed secondary 
septa, and in some specimens the upper lip of the calices is more 
prominent than the lower. 


STYLOPHORA GRANULATA Duncan. 


1864. Stylophora granulata Duncan, Geol. Soc. London Quart. Jour., vol. 21, 
palO; pl2, fe. 3: 
1867. Stylophora granulata Duncan, Geol. Soc. London Quart. Jour., vol. 24, 


p. 26. 
1873. Stylophora granulata DuNcAN, Geol. Soc. London Quart. Jour., vol. 29, 
Denbol: 
Original description.—‘‘The corallum is ramose; the branches are 


nearly cylindrical, often flattened on one side, and leave the stem at. 
an acute angle. The calices are placed irregularly, and are separated 
by a coenenchyma, which is sharply granular, and which has very 
rarely any grooves or continuous ridges on its surface. The calices 
are circular, not inclined, very deep, and are surrounded by a raised 
ring formed by the septa and costae. The columella is situated 
deeply ; it is cylindrical below, and sharp where free, but it does not 
reach the level of the calicular margin; it is delicate, and six large 
septa are attached to it low down. The septa are in two sets. The 
superficial septa are from eighteen to twenty in number; six are con- 
tinuous with the large septa, and the rest taper finely internally and 
externally, the spindle-shaped process being one-half septum and the 
rest costa. The processes are close, radiate, and horizontal. Diam- 
eter of calices, one-thirtieth mch [0.8 mm.]. 

‘‘Localjities: Bowden and Vere, Jamaica.”’ 

Dunean, in 1878, cites this species from St. Bartholomew, but this, 
I am convinced, is an erroneous identification. 

There are two small broken branches of this species in the collec- 
tion of Mr. T. H. Aldrich, obtained at Bowden, Jamaica, and pre- 
sented to the United States National Museum. 
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Specimen No. 1.--Small branch, 16 mm. long, diameter of lower 
end 4 mm.; upper end flattened, bifurcating, greater diameter 5.5 
mm., lesser 3 mm. 

Diameter of calices very shghtly less than 1 mm., separated by 
about the same width of coenenchyma. The margin is usually a very - 
slightly elevated rim without an elevated lip around which are 12 to 
18 small costae. In a few instances the costae continue from one 
calice to the next, but usually the mtercalicular coenenchymal sur- 
face is merely granulate. There are from two to six indefinite zones 
or wavy lines of granulations between two calices. The granula- 
tions are subconical, round-pomted. Limits of zooids sometimes 
famtly indicated by a slightly raised granulated line. Calices mod- 
erately deep. Six principal septa, the second cycle represented by 
small short septa, variable number of rudimentary members of the 
third. The upper margins are slightly exsert. 

Columella does not reach to level of calicular margin, sharp- 
pointed. 

Specimen No. 2.—A small somewhat compressed, broken branch, 
16 mm. long; greater diameter of lower end, 6.5 mm., lesser, 5 mm.; 
greater diameter of upper end, 6 mm., of lesser, 4mm. Diameter of 
calices very slightly more than 1 mm. Width of intervening coenen- 
chyma averages about» the same as the diameter of the calices. 
Calicular rim a little elevated, and slightly swollen around the base. 

Costae longer than in No. 1. Granulations about the same in both 
specimens. Elevated line between zooids usually distinct. 

There is in this collection a third specimen which is probably only 
a variation of the same species. It is a fragment of a branch 14 mm. 
long. The diameter of the calices is about 0.75 mm.; the calicular 
rims are not elevated but usually tend to be depressed. The coenen- 
chymal surface is very densely and minutely granulate. The limits of 
adjoming zooids are indicated either by a very faint raised or by an 
impressed line. 

Localities and geologic occurrence.—Besides occurring m the Bowder 
marl of Jamaica, Stylophora granulata is also found in Cuba at sta- 
tions 3476, Baracoa, and 3461, gorge of Yumuri River, Matanzas, 
collected by T. W. Vaughan. 

Santo Domingo, station 7781, Rio Cana, zone H, collected by Miss 
C. J. Maury. 


STYLOPHORA CANALIS, new species. 
Plate 76, figs. 2, 2a. 
Corallum of type, a small, nodular mass, 42 mm. long, 23 mm. tall, 


and from 10 to 14 mm. thick (see pl. 76, fig. 2, for view, natural size, 
of the upper surface). 
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Calices shallow, fairly large, 1 mm. in diameter; usually 1 mm. 
apart. Margins not elevated; the walls barely distinguishable from 
the surrounding coenenchyma. 

Septa im two distmet cycles; only the six primaries reach the 
columella, but the secondaries are well developed. 

Columella, a pointed style. 

Coenenchymal surface crossed by costules, along which are rela- 
tively coarse granulations. In places the coenenchyma appears cel- 
lular, as the costules are not solidly fused but have cellules developed 
between them. 

Locality and geologic occurrence.—Canal Zone, station 6016, in the 
Emperador limestone, quarry, Empire, collected by T. W. Vaughan 
and D, F. Macdonald. 

Type.—No. 324775, U.S.N.M. 

This species most closely resembles a species from the base of the 
Chattahoochee formation, on Flint River, 44 miles below Bainbridge, 
Georgia, but it differs from the latter species in two characters, 
namely, the outer ends of the principal septa are not produced into 
prominent teeth, and in places the coenenchyma is distinctly cellular. 


STYLOPHORA PONDEROSA Vaughan. 


1900. Stylophora ponderosa VAuGHAN, U.S. Geol. Survey Mon. 39, p. 132, pl. 
18, fig. 16; pl. 14, figs. 1, la, 1b. 

One of the specimens obtained by me in Antigua seems referable 
to this species. The upper surface has four nipple-shaped elevations 
on it; the largest is about 15 mm. in diameter at the base, about 
5 mm. tall, and about 5 mm. in diameter just below the rounded 
summit. Except such protuberances, the surface is flattish, with 
some undulations. The size of the calices and the Eeptnl characters 
are as in the cotypes of S. ponderosa. 

Localities and geologic occurrence.—Alabama, Salt Mountain, 6 
miles south of Jackson, just above the top of the Vicksburg group, 
collected by T. W. Vaughan. 

Antigua, station 6854, Rifle Butts, in the Antigua formation, 
collected by T. W. Vaughan. 


Genus POCILLOPORA Lamarck. 


1816. Pocillopora Lamarck, Hist. nat. Anim. sans Vert., vol. 2, p. 273. 
1918. Pocillopora VAUGHAN, Carnegie Inst. Washington Pub. 213, p. 75. 
Type species.—Pocillopora acuta Lamarck. 
Duncan described two fossil species of Pocillopora from the West 
Indies, P. crassoramosa! from the Nivajé shale of Santo Domingo, 
and Pocillopora tenuis? from Antigua. I have seen good suites of 


1 Geol. Soc. London Quart. Journ., vol. 20, p. 40, pl. 5, figs. 2a, 2b, 1864. 
‘Idem, vol. 24, p. 21, pl. 1, figs. 5a, 5b, 5c, 1287. 
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specimens of P. crassoramosa, but have seen none of P. tenuis. 
P. crassoramosa has thickish branches on which verrucae may be 
well developed or obsolete; P. tenuis appears to be of more or less 
massive growth-form and has across the corallite cavities thin 
tabulae, the spaces between which are not filled by steroplasmic 
deposit. 

I have specimens representing four additional American fossil 
species of the genus. They are all branching forms. I collected 
one of the species at Willoughby Bay, Antigua, in the Antigua forma- 
tion; and another in the upper Oligocene marl at Baracoa, Cuba. 
The specimen at the latter locality was obtained in association with 
Stylophora granulata Duncan, which was originally described from the 
Bowden marl of Jamaica. Miss Carlotta J. Maury obtained P. 
crassoramosa in Santo Domingo in what she designates zone D, which 
is above the horizon of the Bowden marl. The geographic range of 
the genus in the West Indies is, therefore, from the Antiguan 
Oligocene to a horizon appreciably above that of the Bowden marl. 


POCILLOPORA ARNOLDI, new species. 
Plate 76, figs. 3, 3a, 30. 


The type, which is a fragment of a branch, is 28 mm. long, diameter 
of lower end 6.5 by 12 mm., diameter of upper end 5.5 by 9 mm. 
The cross section of the branch is strongly compressed, and one side 
near and at a place of bifurcation is concave instead of being convex. 
There are no verrucae. 

Calices slightly oblong, lesser diameter about 0.75 mm., longer 
diameter, parallel to the axis of the branch, from 1 to 1.25 mm. 
Cavities rather deep, about 0.5 mm., and steep-walled. Intercorallite 
areas flattish, arched, or slightly crested in profile, of unequal width, 
from 0.3 mm. to 1 mm. across. Coenenchymal surface granulo- 
costulate, granulations fairly coarse. 

Septa rudimentary, occur as low, blunt-topped, perpendicular 
ridges on the inside of the calicular walls. In some calices 12 of 
these ridges may be distinguished. The bottom of the calice is flat 
or very gently concave; no vestige of a columella could be found. 

Coenenchyma solid; corallite cavities solidly filled except a few 
in the axis of the branch. 

Locality and geologic occurrence.—Canal Zone, station 6444, quarry 
in the Emperador limestone, Empire, collected by Dr. Ralph Arnold, 
whose name I take pleasure in attaching to this well-marked species. 

Type.—No. 324782, U.S.N.M. 

Of the other five fossil species of Pocillopora known from the 
‘Tertiary formation of the West Indies and Central America, the 
unnamed species from Antigua, previously mentioned, is the most 
similar. The latter species is composed of small, more or less com- 
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pressed branches, it has no verrucae, the calices are rather deep, the 
septa are perpendicular ridges down the inside of the calicular walls, 
and there is no trace of a columella. In these characters the two are 
similar. The species from Antigua differs from P. arnold: by having 
larger calices, lesser diameter 1 mm. or more, usually more than 1 mm., 
and the calicular margin is rather persistently marked by a slightly 
raised acute rim. A description of the species from Baracoa, Cuba, 
follows. 
POCILLOPORA BARACOAENSIS, new species. 


Plate 77, figs. 1, 1a. 


This species may be characterized as follows: 

The corallum is branching; it has no verrucae and no columellar 
tubercle. The branch is regularly subcircular or broadly elliptical 
in cross section, 10.5 mm. in diameter at lower end. The calices are 
very shallow and are subcircular in outline, about 0.75 mm. in 
diameter, distance apart usually slightly more than the calicular 
diameter. Thick short septa join the columellar plug to the wall. 
Coenenchyma very dense. 

These characters are different from those of any of the other known 
American species. 

Locality and geologic occurrence. —Cuba, station 3476, in - yellow, 
argillaceous marl, Baracoa, associated with Stylophora granulaia 
Duncan, poled by T. W. Vaughan. The geologic horizon of this 
species is that of the Bowden marl. 

Type.—No. 324783, U.S.N.M. 


POCILLOPORA GUANTANAMENSIS, new species. 


Plate 77, figs. 2, 2a. 


Corallum composed of irregularly shaped, more or less compressed 
and contorted branches, among which there is considerable anas- 
tomosis. The branches may be as much as 27 mm. wide, 7.5 mm. 
thick near the summit, and 12 mm. thick at the base. The branch 
on which these measurements were made is 41 mm. long. Verrucae 
entirely absent on the type. 

Calices from 0.75 to 1.25 mm. in diameter; usually less than or 
about their diameter apart. They are deep pits without any trace 
of septa, except. that in a few calices what appear to be thick direc- 
tives are recognizable on the plug forming the calicular floor. Calicu- 
lar margins usually even with the coenenchymal surface; in some 
calices they are somewhat tumid and slightly elevated. 

The columella is only a plug. Stout, horizontal tabulae present. 

Coenenchyma very dense. Surface in type worn, but apparently 
beset with spines or granulations and not costulate. 

Locality and geologic occurrence.—Cuba, station 7514, about 5 
miles nearly due east of Monument H4 on the east boundary of the 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. d45 


U.S. Naval Reservation, Guantanamo, altitude about 400 feet a. t., in 
beds of the age of the Antigua formation, collected by O. EK. Meinzer. 

Type.—No. 324784. U.S.N.M. This species differs so markedly 
from the other West Indian species of Pocillopora that comparisons 
with the other species seem unnecessary. 


Genus MADRACIS Milne Edwards and Haime. 


1849. Axhelia MitNE Epwarps and Harmer, Comptes Rend., vol. 29, p. 69. 

1849. Madracis MitNE Epwarps and Harme, Comptes Rend., vol. 29, p. 70. 
1861. Reussia DucHASSAING and MicHELorti, Mém. Corall. Ant., p. 63 (of reprint). 
1871. Pentalophora SavitLE-KENT, Proc. Zool. Soc. London for 1871, p. 283. 
1884. Madracis Duncan, Linn. Soc. London Journ., Zool., vol. 18, p. 45. 
1900. Madracis VauacHaN, U.S. Geol. Survey Mon. 39, p. 128. 

1901. Azvhelia VAuGHAN, U.S. Fish Commission Bull. for 1900, vol. 2, p. 294. 
1902. Madracis Verriui, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 108. 


Type-species.— Madracis asperula Milne Edwards and Haime. 
MADRACIS MIRABILIS (Duchassaing and Michelotti). 


1861. Stylophora mirabilis DucHassaine and MicHetorti1, Mém. Corall. Ant., 
p. 62 (of reprint), pl. 9, figs. 6, 7. 

1901. Axhelia mirabilis VAuacHAN, U.S. Fish Commission Bull. for 1900, vol. 2, 
p. 295, pl. 1, figs. 3, 3a. 

A single fragment of a branch from Limon, Costa Rica, is 23 mm. 
long, 2 mm. in diameter at the lower end, and 3 mm. in diameter 
just below trifurcation at the upper end. The fragment is slightly 
arcuate in form, not quite straight, and is not so crooked as is usual 
in the specimens of M. mirabilis with which I have compared it. 
The septa are less exsert around the calicular margins then is usual 
in the species. Although there are the differences indicated, they 
are of the kind that may be produced by vegetative causes. 

Locality and geologic occurrence.—Costa Rica, hills of Port Limon, 
No. 669 of H. Pittier collection; geologic horizon not known. 

' Cuba, station 3461, gorge of Yumuri River, Matanzas, 19 frag- 
ments collected by T. W. Vaughan in a marl of lower Miocene 
(Bowden) age. 

These fragments perhaps should be referred to a new species; 

but they appear more probably to be only a variant of M. mirabilis. 


Family ASTROCOENIIDAE Koby. 
Genus ASTROCOENIA Milne Edwards and Haime. 


1848. Astrocoenia MILNE Epwarps and Hamer, Comptes Rend., vol. 27, p. 469. 
1900. Astrocoenia GREGORY, Palaeontol. Indica, ser. 9, vol. 2, pt. 2, p.59. (Syn- 
onymy and elaborate discussion.) 
Ty pe-species.— Astrea numisma Defrance. 
Besides the five species of Astrocoenia recognized in the present 
paper, I have described one under the name of Stylocoenia duerdeni 
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from the Eocene of Jamaica,! which also occurs in the upper Hocene 
of St. Bartholomew. I Jesortibs as new the species from Antigua 
(A. decaturensis), to which Duncan applied the name Astrocoenia 
ornata.? This species is also found in the coral reef at the base of the. 
Chattahoochee formation on Flint River, near Bainbridge, Georgia, 
and near Guantanamo, Cuba. More critical study may lead to the 
recognition of one or two additional species. The names of all 
Kuropean species applied by Duncan and others to West Indian 
forms probably should be dropped from the literature. 


ASTROCOENIA D’ACHIARDIT Duncan. 
Plate 78, figs. 2, 2a. 


1873. Astrocoenia @’achiardii Duncan, Geol. Soc. London, Quart. Journ., vol. 29, 


p. 554, pl. 20, figs. 7, 7a. 
1899. Astrocoenia d’achiardu VAUGHAN, Mus. Comp. Zool. Bull., vol. 34, p. 229. 


Dr. C. W. Hayes obtained in Nicaragua, ‘‘on or near the Pacific 
coast,’’ a specimen of Astrocoenia (pl. 78, figs. 2, 2a) that seems 
referable to A. d’achiardi. 

The corallum is ramose; branch somewhat compressed, lesser 
diameter of lower end 10.5 mm., greater diameter only shghtly more 
than the lesser. 

Calices from 2 to 3 mm. in diameter, measured between thecal 
summits; the diameter of the largest calice is 3 mm. Maximum 
thickness of walls between adjoming calicular cavities, 1 mm. 
Depth of calices about 1 mm. 

Eight prominent septa reach the columella, with a small septum 
between each pair of the larger. The large septa are narrow above 
the bottom of the calice, where they widen and fuse to the columella, 
around which they show decided thickening. The calicular cavity, 
therefore, is steep-sided and relatively flat-bottomed. ; 

The columella is a slightly prominent, compressed style. 

Locality and geologic occurrence.—Nicaragua, on or near the Pacific 
coast, in the Brito formation, collected by C. W. Hayes. Dr. Hayes 
says regarding the Brito formation.® 

The greater part of the Brito formation is apparently barren of organic remains. 
The only location at which fossils have been found are on or near the Pacific coast. 
This, however, may be due to the fact that the rock exposures are not elsewhere of 
such a character as to facilitate the discovery of fossils, and the latter may possibly 
be more generally distributed than present knowledge would indicate. The fossils 
are confined almost wholly to the limestones and marly beds. They consist of corals, 
molluscan, and foraminiferal remains. 

The Foraminifera, according to Dr. Joseph A. Cushman, indicate 
an Eocene age. 


1 Mus. Comp. Zool. Bull., vol. 34, p. 235, pl. 37, figs. 1-4, 1899. 
2 Geol. Soc. London Quart. Journ., vol. 19, p. 425, pl. 14, fig. 7, 1863; Idem., vol. 24, p. 23, 1867. 
8 Geol. Soc. Amer. Bull., vol. 10, p. 312, 1899. 
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Astrocoenia @’achiardv was described from the upper Hocene of St. 
Bartholomew. Finding it on the Pacific coast of Nicaragua is addi- 
tional evidence in favor of connection between the Atlantic and Pacific 
oceans across Central America during upper Eocene time. 


ASTROCOENIA GUANTANAMENSIS, new species. 
Plate 79, figs. 1, la, 2. 


Corallum massive, with a rather uniformly rounded or more or less 
tuberose surface. Type 55mm. long, maximum width about 31 mm., 
height 38 mm. The corallum may be much larger. 

Calices polygonal, shallow, almost superficial, small; maximum 
size about 1.75 mm. in diameter, 1.5 mm. usual, smallest calices 
about 1 mm. in diameter, measured between thecal summits. Inter- 
corallite walls acute or flattish, usually less than 0.25 mm. wide, 
maximum width 0.5 mm.; crossed by subequal costae correspondmg 
to all septa unless very narrow, when the edge of the wall is dentate 
instead of costate. 

Septa 16 in number, 8 reach the columella; 8 small, about half 
the length of the principals; in most instances they are thicker in 
the wall than at their mner ends. Margins of the longer with about 
three dentations on each. Septal faces with sharp granulations. 

Columella, a small, erect, central style. 

Localities and geologic occurrence.—Cuba, station 7522, Mogote 
Peak, 0.5 mile east of east boundary of United States Naval Reser- 
vation, Guantanamo, south side of peak, altitude about 375 feet a. t., 
collected by O. E. Meizer (type). 

Antigua, station 6865, Jackass Point, St. John, collected by T. W. 
Vaughan. 

Panama, station 6587, Tonosi, collected by D. F. MacDonald. 

Type.—No. 324794, U.S.N.M. - 

Astrocoema guantanamensis is most nearly related to Astrocoenia 
incrustans (Duncan) which is from the upper Hocene St. Bartholo- 
mew limestone, and is the next species here described. The calices 
of A. incrustans, a description of which follows, are rather deep and 
the intercorallite areas are flattish and costate. 


ASTROCOENIA INCRUSTANS (Duncan). 


1873. Stephanocoenia incrustans Duncan, Geol. Soc. London Quart. Journ., 
vol. 29, p. 553, pl. 20, fig. 6. 

1899. Stephanocoenia incrustans VAUGHAN, Mus. Comp. Zool. Bull., vol. 34, 
10. 248) 

Original description.—‘‘The corallum is low in height, and incrusts 
rocky surfaces. The corallites are united by their rather thick walls, 
and are parallel. The calices are quadrangular or pentangular, and 
their margins are marked by the septa of the adjacent corallites. 
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The septa are subequal at the wall, and 16 in number; but only 
eight reach the small and deep styloid columella; the others project 
very slightly, and are moniliform on their free edge. The pali are 
attached to the eight larger septa. 

“Height of corallum, one-tenth inch [=2.5 mm.]. Breadth of 
calice, one-twentieth ineh Slo ccnr | 

The following notes are based on the type-specimen: 

It is a small thin fragment, 17.5 mm. long, 8 mm. wide, and 4 mm. 
thick. 

The calices are moderately deep polygonal, many are elongate, the 
smaller ones measure 0.9 mm. in diameter, an elongated one is 1.2 
mm, wide and 2mm. long. The walls are thin, about 0.2 mm. wide; 
however, the upper edges of the septa are flattened and somewhat 
expanded. No mural styles. 

Septa, 16 in number, equal in thickness at the wall, thicker itive 
the spaces between; 8 orton to the columella, the laminae thinner 
between the portions surrounding the columella and the outer ends. 
The other 8 septa are short. The margins are finely dentate. Dis- 
tinct pali absent. Apparently dissepiments are present. 

Columella styhform, rather prominent, compressed. 

This coral can not be referred to Stephanocoenia because there are 
no pali and the septal margins are dentate, instead of bemg entire. 
However, it exhibits all the characteristics of Astrocoena. In the 
size of the calices, number of the septa, and character of the septal 
margins it resembles A. duerdeni (Vaughan), but differs from that 
species by the apparent absence of mural spmes Notwithstandmg 
this, it is not impossible that the type-specimen could be a portion 
of a corallum of A. duerdeni, the styles being absent from the area 
whence it was derived. 

Locality and geologic occurrence.—Island of St. Bartholomew, 
P. T. Cleve, collector; subsequently collected by T. W. Vaughan; in 
the upper Eocene St. Bartholomew limestone. 

Type.—University of Upsala. 


ASTROCOENIA DECATURENSIS, new species. 
Plate 78, figs. 3, 3a, 4, 4a. _ 


1863. Astrocoenia ornata Duncan, Geol. Soc. London Quart. Journ., vol. 19, 
p. 425, pl. 14, fig. 7. .(Not Milne Edwards and Haime.) 

1864. Astrocoenia ornata DuNcAN, Geol. Soc. London Quart. Journ., vol. 24, p. 23. 
Corallum massive, rather large, upper surface with numerous gib- 
bosities. One specimen has a base 14 by 17 cm., respectively, as the 
smaller and greater diameter, and is about 8 cm. im height, another 

has 19 cm. as the greatest diameter of the base. 
Corallites polygonal, separated by walls that are never very thick, 
rarely as much as 1 mm., upper edge usually if not always marked 
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by a small raised, granulated line. The distal ends of the septa are 
produced as short costae to this line and often a granulation occurs 
between each pair of costae. The diameter of the corallites ranges 
from 1.5 to 2.5 mm.; about 2 mm. is the average. Calices shallow. 

Septa distant, normally 16 in number, of which 8 extend to the 
columella, occasionally 20, with 10 reaching the columella. Their 
outer ends are slightly prominent on the wall and are equal in size. 
The inner margins lie almost in a straight line or are very slightly 
excavated but are regularly finely dentate, with four to seven teeth 
to each septum. These teeth are moderately acute and are directly 
obliquely upward and inward. Granulations on the faces minute, 
pointed. 

Endothecal dissepiments present, thin, not abundant. 

Columella a strong style, upper end pointed but not very promi- 
nent. There is some thickening of the inner ends of the larger septa 
where they fuse to the columella. 

Localities and geologic occurrence.—Georgia, station 3383, Hale’s 
Landing on Flint River, 7 miles below Bainbridge; and station 3381, 
Blue Springs, 4 miles below Bainbridge, collected by T. W. Vaughan. 

Island of Antigua, West Indies, in the Antigua formation, collected 
by Robert T. Hill. 

Cuba, station 7523, south side of Mogote Peak, altitude 250 feet 
a. t., one-half mile east of east boundary of the United States Naval 
Reservation, near Guantanamo, collected by O. E. Meinzer. 

Type.—Cat. No. 324789, U.S.N.M. 

Paratype.—Cat. No. 324788, U.S.N.M. 

Astrocoena ornata Duncan from Antigua (No. 12948, coll. Geol. 
Soc. London) is a massive species of Astrocoenia. It is silicified; the 
corallites are crowded, polygonal, intervening walls thin, diameter of 
corallites, 1.5 to 1.75 mm. Septa, 8 principal, 8 rudimentary, thin 
and distant. Columella, a slender style. ; 


ASTROCOENIA MEINZERI, new species. 
Plate 79, figs. 3, 3a. 


Corallum composed of thick branches, with broadly elliptical cross- 
section. Type, a broken, bifurcating branch. Length from broken 
base to fork, 50 mm.; diameter of basalend, 23.5 by about 24 mm. 
Diameter of broken end of branch at fork, 23 by 24mm. Length of 
broken lateral branch from fork, 21 mm.; diameter of distal broken 
end, 17.5 by 20.5 mm. 

Calices rather large, diameter measured between thecal summits 
from 2.5 to 3 mm.; depth, 1.25 to 1.5 mm. Intercorallite walls from 
0.5 to 1.5 mm. across where well preserved, about 0.75 mm. usual. 
In places the top of the wall is acute, but this condition is probably due 
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to weathering. Where the walls are wide there is usually a distinct 
intercorallite groove. Thick costae or mural teeth are probably 
present on perfect specimens, but they are not distinct on the type, 
as 1ts surface is worn. 

Septa 16 in number; 8 principals extend to the columella, and 8 
are short but thick. The principal septa slope in a concave curve to the 
bottom of the calice, and are narrow nearly to the level of the bottom 
of the calice; the smaller septa are narrow. All septa are thick in 
the wall, and the principals are fused by their thickened inner ends 
around the columella. About seven small dentations were counted 
on one long septum. Septal faces with small granulations. 

Columella a low style, with rounded upper end; it with the inner 
septal ends fused around it forms a rather large columellar mass. 

Thickish dissepiments are present. 

Locality and geologic ocewrrence.—Cuba, station 7522, Mogote Peak, 
0.5 mile east of east boundary of United States Naval Reservation, 
Guantanamo, south side of peak, altitude about 375 feet a. t., col- 
lected by O. E. Meinzer. 

Type.—No. 324791, U.S.N.M. 

The species most nearly related to Astrocoenia meinzeri is A. 
dachiardit Duncan from the upper Eocene St. Bartholomew lime- 
stone. The branches of A. d@achiardi are more irregular in form, 
for the same size branch the calices are larger, up to 3.5 mm. in 
diameter, the intercorallite walls are not so wide, the outer part of 
the septal margins are steeper, and the septal dentations are coarser. 
Notwithstanding these apparent differences, it should be admitted 
that larger collections may lead to combining the two supposed 


species. 
ASTRGCOENIA PORTORICENSIS, new species. 


Plate 76, figs. 4, 4a; plate 78, figs. 1, la. 

1601. Astrocoenia ornata VAUGHAN, Geol. Soc. London, Quart. Jour., vol.57,p. 497° 
Not: 
1838. Porites ornata MicHELortt, Specim. Zooph. diluv., p. 172, pl. 6, fig. 3. 

1857. Astroccenia ornata MitNE Enwarps and Hate, Hist. nat. Corall., vol. 2,p. 
257 : 

The following is a description of the type (pl. 76, figs. 4, 4a): 

Corallum forming flattened, even palmate branches. The type- 
specimen, which is broken, has a greatest width of 53 mm., length 
105 mm., and a thickness of 15.5 mm. at the lower and of 7.5 mm. at 
the upper end. 

Calices, diameter from 1.0 to 1.5 mm., excavated but rather shallow, 
outline polygonal, united by compact, rather narrow walls, which’ 


range from 0.2 to 0.6 mm. across. The distal ends of the septa torm 
low costae. 


Septa, 16 in number, 8 reach the calumella and 8 are short or even 
rudimentary; a few dentations, usually about 3 or 4 on the margin 
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of each principal septum. Interseptal loculi about as wide as the 
thickness of the septa. 

Columella an erect style, which does not reach the level of the upper 
edge of the wall; its upper termination rounded; cross-section ellip- 
tical. 

Endothecal dissepiments present. 

Localities and geologic occurrence.—Island Antigua in the Antigua 
formation. Collected by R. T. Hill and by T. W. Vaughan. 

Porto Rico, station 3191, 4 miles west of Lares, in the Pepino forma- 
tion, paiecied lon digg AEs hibh 

Canal Zone, station 60246, in the Emperador limestone, at the 
crossing of the Panama Railway over Rio Agua Salud, collected by 
T. W. Vaughan and D. F. MacDonald. 

Type.—No. 324785 U.S.N.M., from 4 miles west of Lares, Porto, 
Pepino formation, collected by R. T. Hall. 

Paratype. aint No. 324786, U.S.N.M. 

The foregoing description is based on the type-specimen and does 
not take into consideration the variation of the species. I obtained 
a good suite of specimens at two exposures of the Antigua formation - 
on the island of Antigua. The branches range in form from greatly 
compressed to subcylindrical (see pl. 77, figs. 1, 1a, illustrations of a 
specimen from Willoughby Bay, Antigua). A segment from near 
the base of a subcylindrical branch was collected on Rio Agua Salud, 
Canal Zone. 


Genus STYLOCOENIA Milne Edwards and Haime. 
1849. Stylocoenia MitNE Epwarps and Hamme, Comptes Rend., vol. 27, p. 469. 
Type-species.—Astrea emarciata Lamarck. 
STYLOCOENIA PUMPELLYI (Vaughan). 


1900. Astrocoenia pumpellyi Vaucnan, U.S. Geol. Survey Mon. 39, p. 149, pl. 
Wie Hos. 75 102 

This species seems to belong to the genus Stylocoenia, as it has inter- 
corallite pillars; but as some septa show dentations on their margins, 
the original generic identification may be correct. It occurs in the 
base of the Chattahoochee formation, near Bainbridge, Georgia, and 

not in Vicksburgian deposits, as I stated in the original description. 
Localities and geologic occurrence.—Georgia: Station 2326, Russell 
Spring, Flint River, 4 miles below Bainbridge, collected by R. Pum- 
pelly (type, Cat. No. 158315, U.S.N.M.); station 3381, same locality 
as the preceding, collected by T. W. Vaughan; stations 3383, col- 
lected by T. W. Vaughan, and 7078, collected by T. W. Vaughan, 
C. W. Cooke, and W. C. Mansfield, Hales Landing, Flint River, 
7 miles below Bainbridge, in the base of the Chattahooche formation. 


aon BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


Antigua: Station 6881, Willoughby Bay, collected by T. W. 
Vaughan in the Antigua formation. 


Family OCULINIDAE Milne Edwards and Haime. 


Genus OCULINA Lamarck.! 


1816. Oculina Lamarck, Hist. nat. Anim. sans Vert., vo]. 2, p. 283. 
1849. Oculina Minne Epwarps and Hammer, Comptes Rend., vol. 29, p. 68. 
1850. Oculina MitnrE Epwarps and Haine, Mon. Brit. foss. Cor., Intr., p. XIX. 


Type-species.— Madrepora virginea Ellis and Solander. 
OCULINA DIFFUSA Lamarck. 


1816. Oculina diffusa Lamarck, Hist. nat. Anim. sans Vert., vol. 2, p. 285. 
1901. Oculina diffusa ? variety VauaHaAN, U.S. Fish Commission Bull. for 1900, 
vol. 2. p. 294, pl. 1, figs. 5, 5a. 
1915. Oculina diffusa VauacHAN, Washington Acad. Sci. Journ., vol. 5, p. 596. 
1915. Oculina diffusa VAUGHAN, Carnegie Inst. Wash. Yearbook No. 14, p. 227. 
Doctor MacDonald obtained seven pieces of branches of this 
species at the locality mentioned below. They are slender and 
resemble fragments from specimens of Oculina diffusa,. which grow 
either in water 10 to 16 fathoms deep or where the water is very 
quiet. The specimens from Panama nearly duplicate those I de- 
scribed from Porto Rico. 
Locality and geologie occurrence.—Canal Zone, station 5849, swamp, 
Mount Hope, Pleistocene, collected by D. F. MacDonald. 


OCULINA VARICOSA LeSueur. 


1820. Oculina varicosa Le SuEurR, Paris Mus. Mém., vol. 6, p. 291, pl. 17, fig. 19. 
1902. Oculina varicosa VeRRILL, Conn. Acad. Sci. Trans., vol. 11, pl. 32, figs. 2, 3, 
4 (refs. to literature). 
A single nearly typical fragment of a branch was obtained. 
Locality and geologic occurrence.—Canal Zone, station 5849, swamp, — 
Mount Hope, Pleistocene, collected by D. F. MacDonald. 


ARCHOHWELIA, new genus. 


Archohelia differs from Oculina solely by having a persistent axial 
corallite, whereas in Oculina there is no axial corallite. Pali or pali- 
form teeth are present on all but the last cycle of septa. Columella 
trabecular, with some papillae on its upper surface. 

Type-species.—Archohelia limonesis Vaughan. 

The relations of this genus to the species described in my mono- 
graph on the Eocene and lower Oligocene coral faunas of the United 
States ° under the names Astrohelia neglecta, A. burnsi, Oculina vicks- 
burgensis, O. mississippiensis, O. singleyi, O. alabamensis, O. harrist, 


1Toula (K. K. Geolog. Reichsanstalt Jahrb., vol. 61, p. 489, pl. 30, fig. 1, 1911) applies the name Ocu- 
lina gatunensis to a piece of a branch of coral, but his description and figure are inadequate for the iden- 
-tification of the species. 

2 U.S. Geol. Survey Monograph 389, pp. 114-124, 1900. 
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O.aldrichi, andO.? smithishould be indicated. Thespecies mentioned 
have axial corallites and generically resemble Archohelia except in 
the details of the inner ends of the septa. The type-species of 
Asirheha (the correct spelling of the name, instead of Astrohelia) is 
Madrepora palmata Goldfuss, which has no definite axial corallites, 
and I have seen no pali or paliform lobes on its septa. The species 
to which I applied the names Astrohelia neglecta and A. burnsi, as 
they possess axial corallite should be taken out of the genus 
Astrhelia. As it is not practicable just now to revise critically the 
Eocene and lower Oligocene species listed above, it will here only be 
mentioned that they probably should be transferred to-Archohelia. 


ARCHOHELIA LIMONENSIS, new species. 
Plate 80, figs. 1, la, 16, 2, 3. 


Corallum composed of relatively slender branches. The following 
are measurements of the cotypes: 


Dimensions in millimeters of cotypes of Archohelia limonensis. 


Diameter. Calices. 
Branch. Length. 
pone peer | Diameter. | Exsert. 
Ree eas aE L TANS i Bie ee SRO RY 25 4.5 4 2.5-3 1-3.5 
eo cS OBOE GbE AACE Eee ic ALS exe a aiicari Ape a 31 4.5 4 2-2.6 0. 5-3.5 
SE ee hoki acted dee wes LONER S22 33 4 3.5 2. 3-3 1-7 


The cavity of the axial corallite is about 2.25 in diameter. The 
foregoing tables give the dimensions and amount of the projection 
of the radial calices—the diameters stated are as measured from the 
outside of the walls. The distance between adjacent calicular mar- 
gins is about 2.5 mm. on branch No. 2; in extreme cases it ranges 
up to as much as 7 mm., as between some calices on branch No. 3. 
The arrangement is in more or less definite spirals. Subequal or 
slightly alternating costae, with closely granulate surfaces, cor- 
respond to all septa just below the calicular edges; lower down on 
the corallite limbs they flatten and become subequal; they may 
continue on the coenenchymal surface or disappear. The ealicular 
cavities are excavated; moderately deep, about 1.5 mm. 

Septa normally in three complete cycles; primaries as a rule slightly 
larger than the secondaries, both cycles reach the columella, and - 
have subequal, slightly exsert upper margins; tertiaries smaller than 
the secondaries and have lower upper margins. Inner edges of the 
tertiaries usually free, but in some systems they fuse to the sides of 
included secondary septa. Single or double paliform teeth on the 
inner ends of the primaries and secondaries. Septal faces closely 
granulate. 
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Columella papillate. 

Coenenchyma dense; with or without costal prolongations from 
the calicular peripheries; fine granulations scattered over its surface. 

Localities and geologic occurrence.—Costa Rica, Limon, as follows > 
Station 2692, collected by R. T. Hill; Moin Hill, Niveau d and No. 
461, collected by H. Pittier; station 58846, Moin Hill, collected by 
D. F. MacDonald. The geologic horizon seems to be Pliocene. 

Florida, station 3300 in the Pliocene Caloosahatchee marl of Shell 
Creek, collected by Frank Burns. 


Clipes —No. 324809, U.S.N.M., from Niveau d, Moin Hill, Port 
Limon (38 specimens). 


Family EUSMILIIDAE Verrill. 


Genus ASTEROSMILIA Dunean. 


1867. Asterosmilia DuNcAN, Roy. Soc. Philos. Trans., vol. 157, p. 653. 
1873. Asterosmilia DuncaN, Geol. Soc. London Quart. Journ., vol. 29, p. 553. 
1884. Asterosmilia DuncAN, Linn. Soc. London Journ. Zool., vol. 28, p. 61., 


Type-species.—Trochocyathus abnormalis Duncan. 

When Duncan described this genus he referred to it his Trocho- 
cyathus abnormalis, changing me name to anomala, and refigured 
the species. He also described two additional species as Asiero- 
smila exarata and A. cornuta, a synonym of A. abnormalis, and 
failed to designate a type-species for the genus. Trochocyathus 
abnormalis was described with much care, while the descriptions of 
the two other species are short and unsatisfactory. A. cornuta is a 
synonym of A. abnormalis. It therefore seems best to take the 
species I have selected, as indicated above, as the type-species of 
the genus. 

Duncan described three species of Asterosmilia from the Tertiary 
formations of Santo Domingo, namely, Trochocyathus abnormalis,! 
for which the genus Asterosmilia was subsequently erected, A. cor- 
nuta, and A, exarata,' and one species A. pourtalest from the upper 
Hocene St. Bartholomew limestone. I consider A. cornuta a syno- 
nym of A. abnormalis, and transfer Duncan’s Trochocyathus profundus 
from the genus in which it was originally placed to Asterosmilia, 
leaving four described fossil species in the genus. Pourtalés described 
from the West Indies one recent species that belongs to Aséerosmilia, 
his A. prolifera, originally named Ceratocyathus prolifer, and of which 
Lindstrom’s Paracyathus arcuatus is a synonym. I here describe an 
additional new species, namely, A. hilli, from Bowden, Jamaica, and 
Limon, Costa Rica, and have described two additional species from 
Santo Domingo, in a paper not yet published, making eight, the total 
number of American species at present known to belong to the genus, 


1 Collected by A. One on Provision Island, ae Rica, in une Gatun formation. Footnote added 
to page proof, 


or 
or 
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ASTEROSMILIA HILLI, new species. 
Plate 80, figs. 4, 5, 6, 6a. 


1899. Asterosmilia species VAUGHAN, Mus. Comp. Zool. Bull., vol. 34, p. 149. 


I find it difficult to explain why a species so common as this one 
could have so long remained undescribed. There are from Bowden, 
Jamaica, 41 specimens in the Henderson and Simpson collection, 20 in 
the Hill collection, and 9 in the T. H. Aldrich collection, making 
a total of 70 specimens that, I have studied from this one locality. 
A series of ten of the best specimens of the Henderson and Simpson 
collection have been selected as the cotypes. 

Corallum: cornute with a pointed base and attached, at least in its 
early stages, rather slender, curved in the plane of the greater trans- 
verse axis of the calice. The following table gives the measurements 
and number of septa in the type specimens. 


Dimensions of and number of septa in Asterosmilia hill. 


| 
Greater Lesser . 
Specimen No. | diameter | diameter Helen o Number of septa. 

| ofcalice. | of calice. ee 

| mm. mn. mm. 
4 3 6.5 | About 24, and probably some rudimentary. 
4 3. 75 u 24, and a few rudimentary. 
4 3.5 9 24, and a few rudimentary. 
4.5 4 10.5 | 24-++17 of the fourth cyele. 
6.5 5.5 12 24+20 of the fourth cycle. 
7 6 15 24-20 of the fourth cycle. 
6 5 15.5 | Calice broken on side. 
9 7 18.5 | 24+20 of the fourth cycle. 
9.5 8. 75 19 48, fourth cycle complete. 

LQ eee Mee eS 110 19 25 48, four complete cycles. 


1 About. 


The calice is oblique, its upper edge being considerably higher than 
its lower. In the measurements given above the height of the coral- 
lum is measured from the tip of the pedicel to the highest point of the 
calicular margin. 

The wall is only moderately thick, externally there is a variable 
amount of pellicular coating. Gains corresponding to all septa, 
distinct, but usually not prominent. There is a fair amount of varia- 
tion in the costal characters. In some specimens the costae of all 
cycles are equal or subequal, low, flattish or only slightly crested, 
in others, those corresponding to the septa of the first and second 
cycles of septa are decidedly more prominent than the intervening 
costae. Those corresponding to the third cycle of septa may be 
slightly more prominent than those corresponding to the fourth. 
Sometimes costae of both kinds are combined in one specimen. 
Rather often in an intercostal space there is a raised thread or line 
which does not correspond to a septum. Minute, crowded granula- 
tions are scattered over the surfaces of the costae and in the inter- 
costal spaces. 
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Septa, thin, distant, those of the first and second cycles have slightly 
exsert margins. In adult specimens, 19 to 25 mm. tall, there are 
four complete cycles, in. younger specimens the fourth cycle is in- 
complete. The members of the first and second cycles are of equal 
size, extend to the columella, and are decidedly thicker than the other 
septa. The members of the fourth cycle are thinner and shorter than 
those of the third. The septal margins are subentire, arched above 
and fall at a very steep angle to the bottom of the calicular fossa, 
Septal faces finely striate, with more or less elongate granulations 
along the courses of the striae. Line of divergence of the striae very 
close to the inner side of the wall. Wide, tall, thin, pali, rounded 
above, stand before the septa of the third cycle, from whose inner 
margin they are separated by a deep notch. The width of a palus is 
about 1 mm., height, 1.5 mm. 

Dissepimental endotheca, present, but not abundant. The dis- 
sepiments thin. 

The columella in fully grown specimens, prominent, compressed or 
even distinctly lamellar in appearance. In young and broken speci- 
mens it appears to be composed of interfused processes from the 
inner ends of the septa, it is decidedly vesicular. Calice, rather 
deep, 3 to 4 mm. 

Localities and geologic occurrence.—Jamaica, Bowden, collected by 
J. B. Henderson and C. T. Simpson and R. T. Hill. 

Costa Rica, ‘‘Colline en démolition,”’ Limon, Costa Rica, No. 618 
of H. Pittier’s collection. 

Cotypes.—Nos. 324815, 324816, U.S.N.M. (10 specimens). 

The specimens from Limon, Costa Rica, are essentially duplicates 
of those from Bowden. One specimen with a greater calicular diam- 
eter of 9.5 mm. has a few quinary septa. 


Genus STEPHANOCOENIA Milne Edwards and Haime. 


1848. Stephanocoenia MILNE Epwarps and Haims, Comptes Rend., vol. 27, p. 469. 
1848. Stephanocoenia MILNE Epwarps and Harms, Ann. Sci. nat., Zool., ser. 3, 


vol. 10, p. 300. z 
1850. Stephanocoenia MILNE Epwarps and Harmer, Mon. Brit. foss. Cor., Intr., 
p. XXX. 
1857. Stephanocoenia Minne Epwarps and Hare, Hist. nat. Corall., vol. 2, 
p. 264. 


1884. Antillastraea DuNcAN, Linn. Soc. London Journ., Zool., vol. 28, p. 108. 


Type-species.— Astrea intersepta Lamarck = Madrepora intersepta 
Esper. 
STEPHANOCOENIA INTERSEPTA (Esper). 
1795. Madrepora intersepta EsPER, Pflanzenth., Fortsetz., p. 99, pl. 79, figs. 1-3. 
1816. Astrea intersepta Lamarck, Hist. nat. Anim. sans Vert., vol. 2, p. 266. 
1848. Stephanocoenia intersepta MitNe Epwarps and Hater, Comptes Rend., 
vol. 27, p. 469. 
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1848. Stephanocoenia intersepta M1iLNE Epwarps and Harme, Ann. Sci. nat., 
ser. 3, Zool., vol. 10, p. 300, pl. 7, figs. 1, la, 1b. 
1848. Stephanocoenia michelin Minn—E Epwarps and Haime, Ann. Sci. nat., 
ser. 3, Zool., vol. 10, p. 301. 
1864. Plesiastraea spongiformis DuncAN, Geol. Soc. London Quart. Journ., vol. 20, 
p. 39, pl. 4, figs. 6a, 6b. 
1866. Stephanocoenia debilis DucHASsAING and MicHeE.Lorri, Sup. Mém. Corall. 
Antilles, p. 76, pl. 9, figs. 7, 8. 
1884. Antillastraca spongiformis Duncan, Linn. Soc. London, Journ., Zool., 
vol. 18, p. 108. 
1895. Stephanocoenia intersepta GREGORY, Geol. Soc. London Quart. Journ., vol. 
51, p. 276. 
1900. Stephanocoenia intersepta VAUGHAN, U.S. Geol. Surv. Mon. 39, pp. 152, 153. 
1900. Plesiastraea goodei Verritt, Conn. Acad. Arts and Sci. Trans., vol. 10, 
p. 553, pl. 67, fig. 1. 
1901. Stephanocoenia intersepta VAUGHAN, Geol. Reichs. Mus. Leiden Samml., : 
ser. 2, vol. 2, p. 20. 
1902. Plesiastraea goodei VeRRILL, Conn. Acad. Arts and Sci. Trans., vol. 11, 
p. 106, fig. 1, p. 172, pl. 31 (not pl. 30 as given in the text), figs. 1, la. 
1915. Stephanocoenia intersepta VAUGHAN, Carnegie Inst. Wash. Yearbook No. 13, 
222) 
1916. ee intersepta VAUGHAN, Carnegie Inst. Wash Yearbook No. 14, 
p. 221. 

Although the original description of Lamarck is brief, it is good. 
According to him, ‘‘Cette espéce forme de large plaques un peu 
convexe, et offre 4 sa surface un réseau assez fin, constitué par les 
bords réunis des cellules. On voit un petit axe au centre de chaque 
étoile.” He placed Madrepora intersepta Esper doubtfully in its 
synonymy. Esper says regarding his specimens of the species: 
‘““Hs kommt diese Koralle von den ostindischen Meeren; ich habe sie 
gleichfalls durch die Gitite des Herrn Prediger Chemnitz, mitgetheilt | 
erhalten.” It appears that Chemnitz had specimens from both the 
Atlantic and the Indo-Pacific and that he gave numbers of them to 
Esper. Apparently in some instances the locality labels were con- 
fused, and that this is one of them, for Esper’s figures (pl. 79, figs. 
1-3) are fairly good for the West Indian and Floridian species to 
which the specific name intersepta is now applied, and seem to me 
to represent no other living species of coral with which I am familar. 

The corallum is massive, either subhemispherical or pulvinate in 
form. The corallites are not protuberant, joined directly by their 
walls or by costae, in the latter case exothecal dissepiments may be 
present. The diameter of the calices ranges between 2 and 3 mm. 
Septa in three cycles. Primaries and secondaries bear well-developed 
pali, by which they are joined to the columella. Tertiaries thin and 
relatively short. Septal margins subentire or very finely dentate. 
Columella, a compressed style of nearly the same height as the pali. 
Endothecal dissepiments subhorizontal, thin, average about 0.5 mm. 
apart. 
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As this is the type-species of the genus Stephanocoema, the followmg 
notes on its finer structure will be repeated, with slight emendation, 
from my paper on the Eocene and lower Oligocene corals of the 
United States (1900): The septa are composed of ascending trabecu- 
lae; near the wall is a line of divergence. External to this lme the 
trabeculae pass upward and have a slight inclination outward. The 
trabeculae on the inner side of the line of divergence pass upward and 
incline inward. The trabeculae are fine, measurmg from 0.027 to 
0.04 mm. across. A study of the lines of growth across the trabeculae 
indicate an entire or very obscurely dentate septal margm. The 
growth segments of the septa are well defined; the distance across 
one measured along the line of divergence is about 0.32 mm. on an 
average. The distal ends of the septa do not thicken sufficiently to 
form a pseudotheca. In places dark centers or a dark band can be 
seen in the theca between the septal ends; that is, the wall belongs 
in the euthecal class. In some instances the wall is clearly formed 
by peripherally placed dissepimenta. The corallites are rather often 
joined by their costae. In such instances the wall of one corallite is 
usually formed by dissepiments. There is usually distinguishable a 
central erect piece, around which the principal septa fuse by their 
inner margins. In some instances the columella appears to be formed 
merely by the fusion of the septal margins. In one calice the axis 
of the columella is vacant, the septal margins having fused around it. 
The pali in cross section show as thickenings on the inner septal ends. 
The inner ends of the tertiary septa are free. 

The above description should be compared with Felix’s description 
of Stephanocoenia formosa (Goldfuss).!. I should also like to call 
attention to a statement by Miss Ogilvie, that ‘‘it is doubtful if they 
(Astrocoenia and Stephanocoenia) are represented in recent seas.” ? 
She evidently did not know that the type-species of Stephanocoenia 
is the recent S. intersepta (Esper). So if there is any doubt, it is 
that the genus is found fossil earlier than late Tertiary. 

It is astonishing to find the followmg statement in a recent paper 
by Felix: ‘‘Von dieser Art, welche heutzutage in Australischen 
Meeren lebt, liegen mir zwei examplare vor. Fossil findet sich in dem 
Pliocinen Mergel von Rangoen auf Java.” Such a statement when 
the species he is discussing is one of the most widespread and best 
known of those in Pleistocene deposits adjacent to and in the Recent 
waters of the western Atlantic Ocean, the Caribbean Sea, and the 
Gulf of Mexico! 

Synonymy.—Gregory in 1895 gave full references to the literature 
on this species up to that date, except that he did not place Stephano- 
coenia debilis Duchassaing and Michelotti in its synonym. 


1 Deutsch. Geolog. Gesell. Zeitschr., vol. 50, pp. 252-254, pl. 2, fig. 1. 
2 Roy. Soc. London Trans., vo}. 187, p. 307, 1896. 
3 Konigl. Siichs Gesell. Wiss., Leipzig, Math, Phys. K1., vol. 64, p. 444, 1912. 
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While in Turin in 1897 I examined the specimens identified by 
Duchassaing and Michelotti as Stephanocoenia intersepta and S. miche- 
lini. They belong to the same species. Itissaid of S. debilis: ‘Bien 
que les dimensions des calices de cette espéce soient les mémes que 
dans la Stephanocoenia michelini, elle s’en distingue pourtant par la 
muraille, par les cloisons plus minces, et par Jes palis qui atteignent 
la hauteur de la columeile.”’ The only character of apparent value is 
the height of the pah, which are as tall as the columella. The pali 
and columella are usually of nearly the same height in the species; 
im areas on some specimens the columella is somewhat taller; in other 
areas the pali are taller. 

I examined Duncan’s type of Plesiastraea [later described as Antil- 
lastraea] spongiformis and a specimen identified by him as Stephano- 
coema intersepta. The corallites of the former are united by their 
costae, and where the costae meet there is often a second wall outside 
the true corallite wall. The second specimen had been cut, the larger 
piece bearing the label Stephanocoenia intersepta; the smaller piece, 
which fits mto the larger, was labeled Plesiastraca spongiformis. 
Duncan, it seems, could not distinguish between the two. I agree 
with Gregory in placing Plesiastraca spongiformis m the synonym of 
Stephanocoenia intersepta. 

_Plesiastraea goode. Verrill, fragment of the type No. 36497, 
U.S.N.M., is precisely the same as Stephanocoenia intersepta—thero 
are no ee ential characters. 

Distribution of Stephanocoena intersepta.—Just how old, geolog- 
ically, this species is, is not definitely known. 

Jamarca.—There is a specimen in the United States National 
Museum bearing the station number 2580, which is for the collection 
made by Messrs. J. B. Henderson and C. T. Simpson in the Bowden 
marl of Jamaica. 

Santo Domingo.—Miss C. J. Maury obtained five specimens of this 
much-named species, as follows: 

Rio Gurabo: Zone D, associated with Stylophora afinis Duncan, 
Madracis decaciis (uyman), Pocillopora crassoramosa Duncan, Orbicella 
limbata (Duncan), Orbicella cavernosa var. cylindrica (Duncan), Syzy- 
gophyllia dentaia (Duncan); zone HK, associated with Placocyathus 
new species, Placocyathus variabilis Duncan, Stylophora new species, 
Madracis decaciis (layman), Syzygophyllia deniaia (Duncan), Pavona 
new species. Limestone, Los Quemados, associated with Placocy- 
athus variabilis Duncan. As zones I and H of Miss Maury’s sec- 
tion represent the Bowden fauna, zones E and D are stratigraphi- 
cally above the Bowden. 

Cuba.—I collected a specimen near the Morro, at the mouth of 
Santiago Harbor, altitude about 240 feet above level. This specimen 
may be of Pleistocene age. The general basement country rock is 

3714 
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Miocene limestone and marl, which contain some corals of reef facies ; 
and on this basement there are in places well-developed Pleistocene 
coral reefs. Therefore, the specimens of Stephanocoenia intersepta 

might be of Miocene age. Other specimens from stations 3436 and 
3449, south side of the trocha in Santiago, seem definitely to belone 
in the La Cruz marl and to be of pre-Pleistocene age. 

Doctor Pittier obtained a specimen of the species at the ‘‘Colline 
en démolition,”’ Limon, Costa Rica, apparently in association with 
Asterosmilva hillt, Dichocoenia tuberosa, and Balanophyllra pritrerc. 
The horizon would therefore be near that of the Bowden marl. 

Pleistocene.—General in the elevated reefs of the Caribbean and 
Gulf region: Barbados (low-level reefs); Curacao and Arube; Key 
Vaca, Florida. i 

Recent.—The West Indies in general, northward to the Bermudas; 
Florida; British Honduras. 

Although I have often picked up specimens of this species where 
they had been washed up by the waves, both in Florida and in the 
Bahamas, I have not certainly seen it alive on the reefs. As the 
color of the living polyps is brown, while alive it so closely resembles 
Siderastrea radians that only very close examination will distinguish 
between them, probably on the reefs it was mistaken for the latter. 
That it is a common associate of the usual West Indian reef corals 
is shown by its usual presence among them in the fossil reefs. This 
species ranges into slightly deeper water than most of the West 
Indian reef corals. I dredged it ata depth of 4-9 fathoms off Nas- 
sau, Bahamas, and at a depth of 16 fathoms off Tortugas, Florida. 


Genus DICHOCOENIA Milne Edwards. 


1848. Dichocoenia Minne Epwarps and Harms, Compt. Rend., vol. 27, p. 469. 
1857. Dichocoenia Mine Epwarps and Harmer, Hist. nat. Corall., vol. 2; p. 199 
(type-species, figured, pl. DI, figs. 10a, 10d). 
1917. Dichocoenia VauaHAN, U.S. Geol. Surv. Prof. Pap. 98-T, p. 370. 
Type spectes—Dichocoena porcata Milne Edwards and Haime. 
DICHOCOENIA TUBEROSA, Duncan. 
Plate 79, figs. 4, 4a, 4b. 


1863. Dichocoenia tuberosa Duncan, Geol. Soc. London Quart. Journ., vol. 19, 
p. 482, pl. 15, figs. 5a, 5b. 


This name has been placed in the synonymy of the living Dicho- 
coenia stokesit Milne Edwards and Haime by both Gregory ' and my- 
self.2 One-half of Duncan’s type is in the United States National 
Museum, No. 155275, presented by the officers of the Geological 
Society of London. Although D. tuberosa is very similar to D. 
stokest, D. tuberosa has a pendunculate base and granulate costal 
mar kings below the calicular surfaces in all the specimens I have 


1 Geol. Soc. London Quart. Journ., vol. 51, p. 268, 1895. 
2U.8. Geol. Survey Prof. Pap. 98-T, p. 371, 1917. 
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examined. As I am able to recognize the species I am treating it 
as valid. Duncan records the form from the ‘“‘Nivajé shale ana 
tufaceous limestone of Santo Domingo.” 

Locality and geologic occurrence.—Costa Rica, ‘‘ Colline, en démoli- 
tion,’ Limon, No. 618 of H. Pittier collection, scapoiated with 
Asterosmilia hilh, Stephanocoenra wntersepta, and Balanophyllia pittiert. 
A single, small, immature specimen. The illustrations present its 
characters well enough to make a detailed description unnecessary. 

Santo Domingo, Rio Gurabo, zone F, of Miss C. J. Maury’s sec- 
tion, associated with Placocyathus variabilis Duncan and Antillia 
dubia (Duncan). 


Genus EUSMILIA Milne Edwards and Haime. 


1848. Husmilia Minne Epwarps and Haims, Comptes Rend., vol. 27, p. 467. 


Type-species.— Madrepora jastigiata Pallas. 


EUSMILIA FASTIGIATA (Pallas). 


1766. ° Madrepora fastigiata Pantas, Elench. Zooph., p. 301. 

1895. Husmilia fastigiata GreGcory, Geol. Soc. London Quart. Journ., vol. 51, 

: p-. 260 (with synonymy). 

1895. Husmilia knorri GReGorY, Geol. Soc. London Quart. Journ., vol. 51, p. 261 
(with synonymy). 

1901. Husmilia knorri VAUGHAN, Geol. Reichs. Mus. Leiden Samml., ser. 2, vol. 
2 18. 

»?p. 

1902. Husmilia aspera VERRILL, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 114, 
fig. 3. 

1915. Husmiha fastigiata VAUGHAN, Washington Acad. Sci. Journ., vol. 5, p. 596. 

1916. Husmilia fastigiata VAUGHAN, Carnegie Inst. Washington Yearbook No. 14, 
p. 227. 


Study of large suites of Husmilha convince me that Husmilia 
fastigiata (Pallas) and #. aspera (Dana) = EF. knorri M. Edwards and 
Haime are not specially separable, as there is great variation and 
complete overlapping in the columellar characters by which they 
were distinguished. 

Localities and geologic occurrence.—Canal Zone, Pleistocene at sta- 
tions 5849, Mount Hope; Costa Rica, 6251, Monkey Point, collected 
by D. F. MacDonald. 

General in the living and Pleistocene coral reefs of Florida, the 
West Indies, and the Caribbean coast of Central America. 


Family ASTRANGIIDA Verrill. 
Genus CLADOCORA Ehrenberg. 


1834. Cladocora EurenBeERG, Corallenth. Roth. Meer., p. 85 (of separate). 
1848. Cladocora MitnE Epwarps and Haims, Comptes Rend., vol. 27, p. 493.. 


- Type-species.—Caryophyllia cespitosa Lamarck. 


(els) 
oe 
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CLADOCORA ARBUSCULA (Le Sueur). 


1820. Caryophyllia arbuscula Le Sunur, Paris Mus. Mém., vol. 6, p. 275, pl. 15, 
figs. 2a—2d. 
1901. Cladocora arbuscula VauGHAN, U.S. Fish Commission Bull. for 1900, vol. 2, 
p. 298, pl. 2, figs. 3, 3a (with synonymy). 
This species is common in the Pleistocene marls near Colon. 
Locality and geologic occurrence-—Canal Zone, station 5850 and 
6039, Pleistocene, Mount Hope, collected by D. F. MacDonald. 
Living in Florida and the West Indies on reef flats and in water from 
8 or 9 to about 20 fathoms deep. 


Family ORBICELLIDAE Vaughan. 
Genus CRBICELLA Dana. 


1846. Orbicella Dana, U.S. Expl. Exped. Zooph., p. 205. 

1849. Phyllocoenia Minne Epwarps and Harimr, Comptes Rend., vol. 27, p. 469. 
i901. Orbicella VaucHAN, Geol. Reichs Mus. Leiden Samml., ser. 2, vol. 2, p. 21. 
1902. Orbicella VeRRmt, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 93. 

1918. Orbicella VAUGHAN, Carnegie Inst. Washington Pub. 213, p. 85. 


Type-species.— Madrepora annularis Ellis and Solander. 


Of this perplexing genus of corals, the following species and varie- 
ties are treated as valid in the present papers: ; 

Orbicella annularis (Ellis and Solander). 

limbata (Duncan). . 
imperatoris, new species. 
altissima (Dunean). 
antiliarum (Duncan). 
cavernosa (Linnaeus). 
var. endothecata (Dunean). 
var. cylindrica (Duncan). 
aperta (Verriil). 
bainbridgensis, new species. 
costata (Duncan). 
canalis, new species. 
tampdéensis, new species. 
var. silecensis, new variety 
brevis (Duncan). 
insignis (Duncan). 
intermedia (Duncan). 
gabbi, new species. 

As synonymy is discussed on subsequent pages, it is here only 
necessary to say that under the name Astraea megalaxona! Duncan 
described from Antigua a silicified coral which is not determinable; 
that his Astraea crassolamellata? and its varieties are here referred to 


“Geol, Soc. London Quart. Journ., vol. 19, p. 420, pl. 13, figs. 12a, 12h, 1863. 
+Idem., p. 412, pl. 13, fies. 1-7. 


GHOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 363 


the fungid genus Diploastrea Matthai; his Astraea celiulosa’ is made 
the type-species of a new genus, Antiguastrea, and his Asiraea antt- 
guensis? and Astraea tenuis? are referred to the fungid genus 
Cyathomorpha Reuss. 

Although inadequacy of information regarding four species, O. 
altzssima, O. antillarum, O. insignis, and O. intermedia, described by 
Duncan, renders the preparation of an adequate synoptic table 
impracticable, an attempt will be made to summarize the mest 
striking characters. With one exception, the species fall into two 
larger groups: the members of the first group normally have only 
three cycles of septa; those of the second group have four cycles, 
the fourth cycle is incomplete in some specimens, while in other spec- 
imens a variable number of quinary septa are present. One species, 
Orbicella gabbi Vaughan, has five cycles of septa. 


SYNOPSIS OF AMERICAN SPECIES OF ORBICELLA. 
Species with 3 cycles of septa. 


Calices usually 2 to 3 mm. in diameter; costae subequal; primary and secondary septa 

equal, extend to the columella.......... 1. O. annularis (Ellis and Solander). 

Calices 3 to 4 mm. in diameter; costae usually alternately large and small; secondary 
septa thinner than the primaries, but usually reach the columella 

2. QO. limbaia (Duncan). 

Calices 3.5 to 5 mm. in diameter; costae prominent, thin; secondary septa usually 

about half as long as the primaries, tertiaries small and thin. 

3. O. imperatoris, new species. 

Calices 7.5 mm. in diameter; costae tolerably developed, subequal; primary and see- 

ondary septa subequal, extend to the columella... 4. O. antillarum (Duncan). 


Species of Orbicella with the 4th cycle of septa nearly or quite complete. 


Calices 5 mm. in diameter; costae unequal, thicker than the septa, last ‘‘order?’ of 
costae well developed, contrasting with rudimentary septa; septa irregular in 
arrangement, 36 in number, 6 septa in each of 6 systems.. 5. O. altissima (Duncan). 

Calices from 5 to 11 mm. in encice costae correspond to all septa, usually subequal; 
septa normally in 4 complete cycles, subequal over top of wall, first 3 cycles reach 
columellavno palts7. 26: eve ee 6. O. cavernosa (Linnaeus). 

Costae strongly alternating in size, fourth cycle small and thin without ob- 
vious corresponding septa -..-.-.:-...--- 6a. var. endothecata (Duncan). 
Corallites smaller than in 6a (5 to 6 mm. in diameter), about 38 septa, last 
cycle of costae rudimentary or obsolete.... 6b. var. cylindrica (Duncan). 

Similar to O. cavernosa except that the first three cycles of septa are thinner and 
taller, strongly contrast in height with the quaternaries.. 7. O. aperta (Verrill). 

Calices 6 to 7 mm. in diameter; costae low, equal; septa low and subequal on mural 
summit; primaries and secondaries with rather wide erect, paliform lobes, young- 
est septa composed of incompletely fused spines. 

8. O. bainbridgensis, new specie 

Calices 7.5 to 8.5 mm. in diameter; costae highly developed, alternate in size e3 ne 
at calicular margin; septa Ao anes in 4 cycles, thin except in wall of some speci- 
mens, paliform lobes and thickenings distinct but rather small, tertiaries usually 
shorter thanisecondantess)). 22: tweak, SOU Aas 9. O. costata (ee ). 


1 Geol. Soc. London Quart. Journ., vol. 19, p. 417, pl. 13, fig. 10. 2 ciataniins p. 419, on 13,.fig. 8. 
3 Idem, p. 421, pl. 13, fig. 11. : 
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Calices 5 to 9 mm. in diameter; costae subequal or alternately large and small below 

calicular edge. Septa in 4 or nearly 4 complete cycles; primaries asa rule notably - 

-.. larger than the secondaries, with a prominent tooth on inner end; secondaries 

smaller, but with paliform tooth on inner end of each; tertiaries still smaller; 

quatermmaries);venya sta lil ie ease eee ante eters 10. O. canalis, new species. 

Calices 6 to 10 mm. in diameter, exsert 4 to 4.5 mm.; costae very prominent, no or 

* only rudimentary costae correspond to last cycle of septa; septa in 3 or 4 sizes, 

margins of primaries exsertas muchas 1.5mm... 11. O. tampédensiss, new species. 

Calices not so elevated as in 11; small but distinct costae correspond to last 

4 cycle of septa.......- GS TS OT ENS lla. var. silecensis, new variety. 

Calices 5 mm. in diameter, protuberant but rather low; costae strongly alternating 
in size; primary septa the largest; fourth cycle incomplete 

12. O. brevis (Duncan). 

Calices 10 mm. in diameter; costae long, slender, subequal, occasionally a rudimentary 

costa with no corresponding septum; septa delicate, long, slender, distant, fourth 


icycleancomplletes? Vase. ae cs ieee eee et re 13. O. insignis (Duncan). 
Calices 5 mm. in diameter; in places small costae between larger ones; a few qua- 
ternary septas onc: BASS Rene SAS SNES ee es 14. O. intermedia (Duncan). 


The numbers preceding the names in the synopsis correspond to 
numbers before the names heading the following descriptions. 

As Orbicella gabbi is the only species with 5 complete cycle of septa, 
it.needs no special caption nor is O. wrradians included in the key. 


1. ORBICELLA ANNULARIS (Ellis and Solander). 


Plate 80, figs. 7, 7a, 7b; plate 81, figs. 1, la, 2; plate 82, figs. 1, la, 2; plate 83, figs. 
1, 2, 3, 3a; plate 84, figs. 1, 2, 3, 3a. 
-1786. Madrepora annularis Etiis and SOLANDER, Nat. Hist. Zooph., p. 169, pl. 53, 
figs. 1,2: 
1786. Madrepora faveolata Ev1is and SoLanpER, Nat. Hist. Zooph., p.,166, pl. 53, 
figs. 5, 6. 
1790. Madrepora acropora GMEtin, Linn. Syst. Nat., ed. 13, p. 3767. 
1790. Madrepora faveolata GMELIN, Linn. Syst. Nat., ed. 13, p. 3769. 
1794. Madrepora acropora EsPER, Pflanzenth., Fortsetz., vol. 1, p. 21, pl. 38. 
1816. Astrea annularis LamarcK, Hist. nat. Anim. s. Vert., vol. 2, p. 259. 
1821. Astrea annularis LamouROUX, Exp. Méth. Genres des Polyp., p. 58, pl. 53, - 
figs. 1, 2. 
1821. Astrea faveolata LAmMouROUX, Exp. Méth. Genres des Polyp., p. 58, pl. 53, 
figs. 5, 6. 
1834. Explanaria annularis EHRENBERG, Corallenth. Roth. Meer., p. 84 (of 
separate). 
1846. Astraea (Orbicella) annularis Dana, U. 8. Expl. Exp. Zoophytes, p. 214, 
: pl. 10, fig. 6. 
1857. Heliastraea annularis MILNE Pow ARDS and Haimg, Hist. nat. Corall., vol. 
2, p. 473. 
1861. Heliastraea annularis DucHaAssaIne and MicHELorr1, Mém. Corall. Antilles, 
p. 76 (of reprint). 
1861. Heliastraea acropora DucHassatnea and MicHExortri, Mém. Corall. Antilles, 
p. 76 (of reprint). 
1861. Heliastraea lamarcki Ducuassaine and MicuExorr1, Mém. Corall. Antilles, 
p. 76 (of reprint). 
1863. Cyphastraea costata (part) Duncan, Geol. Soc. Lond. Quart. Journ., vol. 19, 
pp. 441 and 443. 
1863. Astraea barbadensis DuNcAN, Geol. Soc. Lond. Quart. Journ., vol. 19, pp. 
421 and 444, pl. 15, figs. 6a, 6b. 
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1864. Orbicella annularis Verrmt, Mus. Comp. Zool. Bull., vol. 1, No. 3, p. 48. 

1865. Orbicella annularis VERRILL, Boston Soc. Nat. Hist. Proc., vol. 10, p. 323. 

1866. Heliastraea annularis DucHassAIne and Micuetortr, Sup. Mém. Corall. 
Antilles, p. 84 (of reprint). 

1866. Heliastraea lamarcki DucHAssAING and MicHELorri, Sup. Mém. Corall, 
Antilles, p. 84 (of reprint). 

1866. Heliastraea acropora DucHAssAING and MicHEnorri, Sup. Mém., Corall. 
Antilles, p. 84 (of reprint). 

1866. Heliastraea barbadensis DucHassaine and MicHeEtorti, Sup. Mém. Corall. 
Antilles, p. 85 (of reprint). 

1866. Cyphastraea costata DucHASsAING and MicHEenott1, Sup. Mém. Corall. 
Antilles, p. 85 (of reprint). 

1868. Heliastraea barbadensis Duncan, Geol. Soc. Lond. Quart. Journ., vol. 24, 
p. 24. 

1868. Cyphastraea costata DuNcAN, Geol. Soc. Lond. Quart. Journ., vale 24, p. 24. 

1895. Orbicella acropora GREGORY, Geol. Soc. Lond. Quart. Journ., aol OLps 2lan 

1895. Cyphastraea costata GREGORY, Geol. Soc. Lond. Quart. Journ., vol. 51, p. 274. 

1895. Echinopora franski Gungony, Geol. Soc. Lond. Quart. Journ., vol. 51, p. 274, 
pl. 11, figs. 2a, 2b. 

1901. Orbiecla acropora VAUGHAN, Geolog. Reichs. Mus. Leiden Samml., ser. 2, 
vol. 2, p. 22. 

1901. Orbicella acropora VaAucHAN, U.S. Fish Commission Bull. for 1900, vol. 
2, p. 301, pls. 6, 8. 

1902. Orbicella annularis VERRILL, Conn. Acad. Arts and Sci. Trans., vol. 11, 
p. 94, pl. 15, fig. 1 

1902. Orbicella annularis var. stellulata VERRILL, Conn. Acad. Arts and Sci. 
Trans., vol. 11, p. 96, pl. 15, fig. 2. 

1902. Orbicella hispidula Verritt, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 
100, pl. 15, figs. 3, 3a, 3d. 

1902. Orbicella annularis VAUGHAN, Biol. Soc. Washington Proc., vol. 15, p. 56. 

1903. Orbicella annularis DuERDEN, Nat. Acad. Sci. Mem., vol. 8, p. 564, pls. 

; 8-10, figs. 64-78. 

1915. Orbicella annularis VauaHan, Washington Acad. Sci. Journ., vol. 5, p. 596. 

1916. Orbicella annularis VAUGHAN, Carnegie Inst. Washington Yearbook No. 14, 
Pp. 227: 


Subsequent study has led me to believe that changes should be 
made in the synonymy as given in the first of my papers cited in the 
synonymy. Phyllocoema limbata Duncan, P. limbata var. tegula 
Dunean, and Plesiastraca ramea Duncan represent one species and it 
is separable from Orbicella annularis. As Phyllocoenia limbata is the 
older name, the species should be designated Orbicella limbata (Dun- 
can). The most conspicuous difference between it and O. annularis 
consists in its primary septa being markedly more developed than 
the secondaries. 

Orbicella annularis is the principal coral of the outer reefs in Florida, 
the West Indies, and on the Caribbean side of Central America. It 
is general in the elevated Pleistocene of the same region. 

Prof. J. Graham Kerr, of the University of Glasgow, has kindly 
sent me photographs of the type of this species, which is preserved 
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in the Hunterian Museum at that institution, and I have based the 
following description on them: 

The corallum is head-shaped, with a greater diameter of 107 mm. 
and a lesser of 86. 

The calices are circular, 2 mm. in diameter, margins slightly ele- 
vated, jomed by equal costae, distance apart usually about 1 mm., 
occasionally 2. 

Septa 24 in number, alternately larger and smaller; the larger are 
rather thick and reach the columella; the intermediate ones are short 
and their mner ends are free. 

Columella spongy, well developed, its diameter about one-third 
that of the calice. 

A comparison of the photographs with specimens shows that the 
traditional Orbicella annularis of the Caribbean and Gulf region is 
correctly identified. 

There are in the collection of the United States National Museum 
a number of specimens that are almost duplicates of the type-speci- 
men, except that they are not worn, as is the type. These specimens 
form the basis of the succeeding description (See pl. 81, figs. 1, 1a). 

The corallum forms rounded masses rising above a rather large, 
firmly attached base, which is, however, less in diameter than the 
maximum diameter of the corallum. Frequently there is a pro- 

jecting or incrusting edge whose lower surface is covered by epitheca. 
‘The upper surface may be uniformly rounded, undulate, or lobed. 
The size, of course, is variable; the masses may be several feet in 
diameter. 

The calices are circular, or slightly deformed. Their diameter, 
measured between thecal summits is from 2 to 2.5 mm. In depres- 
sions on the surface they may be smaller, about 1.5 mm., but these 
are abnormal. Their edges are from 0.5 to almost 2 mm. apart, 
about 1 mm. is probably an average. The calicular edges are 
slightly elevated. The intercorallite areas are costate. Costae cor- 
respond to all septa; subequal or alternating in size, those of adjoin- 
ing calices meeting; edges dentate; thicker than the width of the 
intercostal spaces and moderately elevated. ! 

Septa in three complete cycles, primaries and secondaries equal, 
rather stout, extending to the columella and fusing to it; tertiaries 
shorter, about half the length of the primaries, somewhat thinner, 
inner edges free. Margins of the primaries and secondaries de >id- 

edly exsert; their inner edges fall perpendicularly to the bottom of 
the calicular fossa, and bear just above the columella one or two 
prominent teeth, with a few smaller teeth above; the septal arch is 
either very gentle, obtuse, or 1t may be truncate, its dentations fine; 
the outer margins steep, but more inclined than the inner, dentations 
relatively coarse. Septal faces finely granulate; in longitudinal 
cctions, the inner edges are lacerate, the last cycle with perforations. 
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Endothecal dissepiments delicate, thin, nearly horizontal, shghtly 
inclined downward from the corallite walls. In this series of speci- 
mens the corallite walls are thick and close together, those of ad- 
jacent corallies sometimes being solidly fused together; usually, 
however, there is some exotheca, consisting of stout, subhorizontal 
dissepiments. 

Columella well developed, formed by interlacing processes from 
the inner edges of the septa; diameter from one-third to one-haif 
that of the calice; its upper surfece about 1 mm. below the thecal 
marein. 

These specimens, it should be repeated, are typical, and except in 
size and to a certain extent in the configuration of the surface show 
almost no variation. They come from the following localities: Dry 
Tortugas, Florida, Dr. Edward Palmer, collector, 8 specimens; east 
end of Hog Island, Bahamas, B. A. Bean, collector, 1 specimen; 
Florida and the Bahamas, many specimens, collected by T. W. 
Vaughan and others. There are other specimens, bearing the in- 
definite label “West Indies” or having no locality stated. These 
localities indicate that the species in its typical form is of general 
occurrence in the coral reef areas around the Caribbean Sea and Gulf 
of Mexico. 

The recent specimens in the United States National Museum show 
at least four kinds of variation from the typical form. 

Variation No. i (pl. 84, fig. 2).—This variation is, I believe, only 
a growth form. It, in its structural features, is the same as the 
typical form, except that the septa near the growing edge are less 
exsert and the exotheca appears to be absolutely solid. The corallum 
is an obtuse, compressed column, with an undulated surface. Greater 
diameter of the base, 62 mm.; lesser 52 mm.; height 72 mm. 

Locality.—Dry Tortugas, Florida. 

Variation No. 2 (pl. 81, fig. 2).—The general growth form is similar 
to that of typical specimens, except that the surface is thrown into 
cibbosities of irregular shape and size; these are often about a centi- 
meter in height and several centimeters in diameter. The calices 
are larger than in the typical specimens, often measuring 3, occa- 
sionally 4 millimeters in diameter, between thecal summits. The 
thecal edges are slightly elevated; the margins of the primaries and 
secondaries decidedly exsert, not infrequently standing 2 mm. above 
the intercorallite furrow. The three characters here mentioned are 
the distinguishing ones of this variation, namely, gibbosities on the 
surface; larger calices; and more exsert septa. 

Localities—Dry Tortugas, Florida, Dr. Edward Palmer, collector, 
1 specimen; east end of Hog Island, Bahamas, B. A. Bean, collector. 
1 specimen; and two cther specimens, without locality labels. 
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Variation No. 3 (pl. 82, fig. 2) is represented by a single specimen. 
The corallum is discoid, lower surface flat, upper surface convex, some 
irregularities. Greater diameter, 22.7 cm., lesser, 19.2 cm; thickness 
in the center about 5 cm., on the edge, 3 cm. 

Calices with elevated margins and crowded together, the different 
corallite walls almost contiguous; margins of primary and secondary 
septa decidedly exsert. Diameter of calices about 2.75 mm. 

The distinguishing characters of this variation are its discoid form, 
its crowded calices, its decidedly exsert septal margins. 

Locality.—F¥ ort Taylor, Key West, Florida. 

Variation No. 4 (pl. 82, figs. 1, la) is represented by the speci- 
mens that I have described from Mayaguez, Porto Rico, in my 
“Stony corals of the Porto Rican waters.” ! The following descrip- 
tion is based on them: 

The corallum forms ascending masses; the largest specimen is 
about 20 cm. tall; diameter above flared-out base about 13.5 em. 
The base of each specimen is considerably produced as a wide, free 
edge invested below by epitheca. 

Calices with very slightly or only moderately elevated margins, 
diameter measured between thecal summits, from 3.25 to 4 mm.; 
rather shallow; distance apart, from a thin dividing edge to 2.5 

-mna.; about 1.5 mm. is probably the average. Thin costae moder- 

ately prominent, subequal, or alternating in size, correspond to all 
septa; those from one calice extend across the intercorallite spaces 
and meet those from the adjacent calices. 

Septa thin, 24 to 28 in number, one-half of them extend from the 
wall to the columella, and have decidedly exsert margins; the other 
half are not so tall and are short, their inner ends free. 

Endotheca and exotheca as in the typical specimens, except that 
they are more delicate. 

These differ from typical specimens by their much lighter texture, 
which, of course, is determined by their thinner skeletal structures, 
the wide, flaring, free edges of the base, and their larger calices. 
The calices overlap in size those of variation No. 2, otherwise I 
should consider the specimens as representing a distinct species. 

Variation No. & (pl. 83, figs. 1, 3, 83a).—Orbicella hispidula Vernill? 
The following is the original description: 

Coral an incrusting mass over 125 mm. across, and from 5 to 20 mm. thick. The 
texture is rather solid and heavy, there being much solid exotheca between the 
calicles, which are rather far apart, the interspaces being mostly equal to, and often 
exceeding, their diameter. 

The calicles are round, regularly stellate, a little prominent, with swollen, sloping, 


costate rims much as in those of O. annularis, which they resemble in size, though 
distinctly larger. The septa are in three very regular cycles; the twelve principal 


1 Bull. U. S. Fish Commission for 1900, vol. 2, p. 301, pls. 6, 7, 1901. 
2Conn. Acad. Arts and Sci. Trans., vol. 11, pp. 100, pl. 15, figs. 3, 3a, 3b. 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 369 


ones are wide, nearly equal, all reaching the rather large columella; their edges are 
perpendicular and finely, sharply serrate, with slender, rough teeth, which extend 
also over their prominent, obtuse, or subtruncate summits, giving them a rough 
appearance under a lens; their surfaces are also rough or hispid with numerous conical 
grains. ‘The septa of the third cycle are narrow, straight, and usually reach about 
halfway to the columelia. 

Tle costae are thick, not very high, meeting or inosculating between the calicles, 
and covered with a single row of smal! slender, rough spinules. The columella is 
well developed. formed of contorted trabecular processes, and often having a small 
pit in the center and a few erect spinules, similar to the slender, rough, paliform teeth 
that often (but not regularly) stand at the base of some of the 12 larger septa. 

In sections the wails are very thick and nearly solid. The endotheca! dissepi- 
ments are small, thin, irregularly convex or flat above. The calicles are not filled 
up below. or only slightly encroached upon, by a deposit between some of the septa. 
Diameter of the calicles 3 to 3.5 mm.; distance between them mostly 2 to 4 mm., 
often more. ? 

Florida Reefs (Maj. E. B. Hunt), Yale Museum, No. 98. Near Nassau, N. P. 
(coll. R. P. Whitfield), Amer. Mus., New York. 

This has the general appearance of O. annularis, but with calicles larger than usual 
and decidedly farther apart. The walls and exotheca are much thicker and more 
solid, and the endothecal cells are fewer and less regular. The sharply spinulose 
and hispid septa and costae are also characteristic. The exothecal deposits are 
nearly as solid as in Oculina. 

A Nassau specimen, in the American Museum, is an irregular, rounded mass. about 
5 inches in diameter, and 3 to 4 thick, witha a lobulated surface. The coral is heavy 
and solid; the surface of the coenenchyma is spinulose; the costae well developed. 
The calicles are more variable in size than in the type, in some places being one-half 
smaller and closely crowded. Coll. R. P. Whitfield. 


The form of O. hispidula Verrill, in which the upper surface is 
lebulate, is common on the reef off Cocoanut Point, Andros Island, 
Bahamas, where a suite of 12 specimens was obtained by the Anton 
Dohrn expedition in 1914. The calices of most of these specimens 
are precisely as in the type of Professor Verrill’s O. hispidula (frag- 
ment of type No. 40476, U.S.N.M.) and Gregory’s Echinopora franski 
(fragment of type No. 156455, U.S.N.M.), but in both growth 
form and calicular characters there is intergradation with the more 
usual characters of O. annularis. Plate 76, figures 3, 3a illustrates 
the appearance of one of the specimens with lobulate surface. 

A specimen from Port Castries, Santa Lucia (pl. 83, fig. 2), shows 
a variation worthy of note. In ail of the variations so far described, 
the primary and secondary septa are constantly subeaual, uniformly 
reaching the columella. In the Santa Lucia specimen a secondary 
septum in some systems is shorter and thinner than a primary; and 
in some calices there are as many as 30 septa. This specimen is of 
importance for comparison with Phyllocoenia sculpia var. tegula 
Duncan and Echinopora franksi Gregory. 

These remarks cover the variation of the recent specimens that 
I have actually been able to study. Pourtalés, Verrill, and Duerden, 
however, have added other observations. 
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Pourtalés says of the species: 

The same remarks about variation, given under the head of O. cavernosa, can be 
applied to this species; there are very fine examples in the museum of the great 
variation of form of the calicles in the same specimen. 

It is very common in Florida on the reef and in the channels, and forms large 
hemispherical masses nearly up to low-water mark. The central and highest part 
often dies out from being left uncovered at very low tide and the mass then assumes 
an annular form through the decay of the dead part.! 


Verrill writes: 


It shows considerable variation in the size of the calicles; in the extent to which 
they are crowded together; in the prominence of their borders above the intervening 
exotheca; in the prominence of the septa above the walls; and in the extent to which 
the small septa of the third cycle are developed. But yet these variations, so far as 
I have seen, never go so iar as to render difficult the recognition of the species unless 


the specimens are badly worn. 
* a * * % * a 


When well grown it forms hemispherical or spheroidal masses, up to 5 feet or more 
in diameter. But it also grows in irregular incrusting plates, and sometimes in nodose 
or lobulate masses, or even in branched forms.” 


Duerden, in describing specimens from Jamaica, says: 

The species occurs on coral areas in small or large, fixed, nearly spheroidal masses; 
also as an incrustation occupying areas several feet across. Small isolated colonies 
are sometimes conical. In places it is an important constituent of the reefs.* 

This is one of the species to which I devoted a great deal 
attention in my study of the living reefs in Florida and the Bahamas, 
and have inserted references to two of my papers (1915, 1916) in which 
it is considered. It is preeminently the great reef-building species 
of the Pleistocene and Recent reefs in Florida and the West Indies. 
Where there is sand on the bottom, it forms tall, thick, round-topped 


columns. 
VARIATION OF FOSSIL SPECIMENS. : 


There are specimens, particularly those of known Pleistocene age, 
similar to the typical form of the species, except that there may be 
variations in the size of the calices; those of a specimen from Fort 
Nassau, Curagao, range from 3 to 4.5 mm. in diameter, measured 
between thecal summits; those of another specimen from West- 
punt, Curagao, are from 2.5 to 3 mm. in diameter. The former 
possesses the largest calices of any specimen of the species I have seen. 

The variations not included in the preceding remarks may be 
divided into two classes, dependent upon growth—namely, @, ex- 
planate or incrusting; b, columnar. af 

A. Growth from explanate or incrusting. 


1 Mus. Comp. Zool. Ill. Cat. No. 4, p. 72, 1871. 
2 Conn. Acad. Arts and Sci. Trans., vol. 11, pp. 95, 96, 1902. 
5’ West Indian Madreporarian Polyps, Nat. Acad. Sei. Mem., voi. 8, p. 54, 1903. 
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Gregory! was mistaken in referring the specimens described by 
him as Echinopora franksi (seé pl. 84, fig. 4) to the genus Hehinopora. 
The following is the original description: 

- Diagnosis—The coral has a broad base; from this pass outward short, thick, rapidly 
tapering expansions. 

Corallites long, often an inch in length. Their distance one from the other varies 
from half their diameter to the whole. 

Septa strongly dentate; inner teeth paliform, in three cycles. Those of the first 
cycle always unite to the columella; those of the second cycle often do so, but may 
join the primary septa; those of the third cycle are much smaller and independent, 
but a few may unite with the septa of the other orders. 

Columella of very loose tissue; half the diameter of the corallite. Hndotheca scanty. 
Coenenchyma thinner than in other species of the genus. Hchinulations of the surface 
coarse. Hpitheca thick and well developed. 

Dimensions.—Diameter of -an average corallite, 3 mm.; height of corallite varies 
from 10 to to 25 mm.; thickness of wall varies from 1} to 3 mm. 

Distribution. Recent: West Indies. Fossii: Barbados: Lowlevel Reefs, near 
Bridgetown. 

Cotypes.—British Museum (Natural History); a piece of one of 
the cotypes in the United States National Museum, No. 156,455. 

A comparison of this description with the notes on the variation 
of Orbicella annularis will show that it presents no important differ- 
ence from variations of the species already recorded. Its growth 
form is explanate, the exotheca is solid, and the secondary septa 
often, but not always, reach the columella. 

B. Growth from columnar (pl. 84, figs. 3, 3a.) 

These are the specimens referred to in my paper ‘‘Some fossil 
corals from the elevated reefs of Curacao, Arube, and Bonaire,” ’ 
obtained by Mr. v. Koolwijk at Westpunt, Curacac. Three of the 
- specimens are in the United States National Museum, and they 
form the basis of the following description: 

The coralium forms ascending, compressed, obtuse columns. 


Dimensions in millimeters of variant of Orbicella annularis from Curacao. 


Greater Lesser 
Specimen No. diameter | diameter Height. | Remarks. 
of base. of base. | 
| 
| 
| mm. mm. mm. | 
Diaper Me a Ms AEA fe 2 MEO) 25 60 | Bifurcation 32 mm. above base. 
PSR SAAS eee a ea | 30+ 23k 71 | Constricted above base; gradually enlarging 
| _ above the constriction. 
SR Ms a 27.5 21 91 | Figured, pl. 84, figs. 3, 3a. 


apart. The upper margin is usually not elevated, while the lower 
one is, thus tilting the calicular orifices. The maximum length of 
the lower limb of the calice is about 3 mm. Subequal, relatively 
thick, dentate costae correspond to all septa. 


1 Geol. Soc. London Quart. Jour., vol. 51, p. 274, pl. 11, figs. 2a, 20, 1895. 
2 Geolog. Reichs. Mus. Leiden Samml., ser. 2, vol. 2, Heft 1, p. 26. 
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The usual number of septa is three complete cycles; primaries and 
secondaries subequal, reach the columella; tertiaries short, inner 
edges free. The septa present only one noteworthy difference from 
what is usual in O. annularis; that is, the margins of the primaries 
and secondaries are less exsert. 

Columella not very large, loose, trabecular. 

The three salient characteristics of this variant are (1), its growth 
form; (2), the tilted calices; (3), the lower (less exsert) margins of 
the primary and secondary septa. 

Geologie horizon.—Pleistocene. 

NOTES ON SYNONYMY. 

A number of other names need to be considered in preaies or less 
detail. 

Gregory * applied the name Orbicella acropora (Linnaeus) to fis 
species. He accepted the determination of the species by Milne 
Hdwards and Haime,? who separated it from O. annularis by its 
having no septa corresponding to the last cycle of costae. Gregory 
showed that occasionally in typical specimens of O. annularis the 
last cycle of septa may be absent while the costae are present, thus 
breaking down the character used by Milne Edwards and Haime to 
distinguish the species. I accepted Gregory’s conclusion, and 
followed him in my paper on Some fossil corals from the elevated 
reefs of Curagao, Arube, and Bonaire, and subsequent papers. 
Professor Verrill, in his Variations and Nomenclature of Bermudian, 
West Indian, and Brazilian reef corals,? declares that Madrepora 
acropora Linnaeus ‘as utterly indeterminable, ” and takes the next 
later specific name, annularis Ellis and Spin for the species. ” 
Subsequent study convinced me that Professor Verrill is right, and 
I published my change of opinion in a paper on Some recent Changes 
in the Nomenclature of West Indian corals.t Therefore, 1 now 
believe that Madrepora acropora Linnaeus should be considered as 
_undeterminabie and that the name should be dropped from coral 
nomenclature. 

The type-specimen of Madrepora “aneolatd Ellis and Solander is 
preserved in the Hunterian Museum of the University of Glasgow, 
where I have seen it, and Prof. Graham Kerr has kindly sent me a 
photograph. It is a worn specimen, considerably infiltrated with 
calcium carbonate, and is probably the same as Orbicella annularis. 

Astraea (Orbicella) stellulata Dana has been carefully redescribed by 
Professor Verrill from Dana’s types, which are preserved in the Yale 
University Museum. The following is his description: 


They ° are beach-worn specimens of a true Orbicella, more or less infiltrated with 
calcium carbonate, to which the unusual solidity of the walls and exothca, in some 


1 Geol. Soc. London purty Journ., vol. 51, p. 272, 1895. 

2 Hist. nat. Corall., vol. 2, p. 477 1857. 

3 Conn. Acad. Arts and Sci. Trans., vol. 11, p. 94, 1902. 

4 Bicl. Soc. Washington Proe., vol. 15, p. 56, 1902. 

5Conn. Acad. Arts and Sci. Trans., vol. 11, p. 96, pl. 15 ,fig. 2, 1902. 
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parts, as seen in sections figured by Dana, seem to be partly due. In other parts the 
structure is nearly as in O. annularis, to which it probably belongs, though there are 
differences in the sections not due to infiltration. Its septal arrangement is the same 
as in ordinary specimens of the latter, those of the third cycle being distinct, but 
narrow and thin. The borders of the calicles seem to have been but little raised, and 
the septa rather thinner than usual, and not much exsert, but the poor condition of 
the specimens renders these characters rather uncertain. 

The calicles are rather smaller (2 to 2.5 mm. in diameter) than is usual in O. annu- 
.laris. The thin septa are in three regular cycles; those of the third cycle are very 
thin and reach only one-fourth or one-third to the columella, which is well developed. 
The septa are a little thickened at the wall; their faces are only slightly granulated. 
There are a few, irregular, small teeth on their inner edges where best preserved; 
upper ends are ail worn off; some have a paliform tooth at the base. The costae are 
well developed, inosculating, with irregular exothecal dissepiments between them, 
as in O. annularis. -But in some vertical sections the walls appear as narrow, solid 
structures (where unaltered); in the sections the columella region is loosely filled 
with stout ascending trabeculae; the endotheca consists of small, very thin, nearly 
horizontal dissepiments, inclining downward a little, and often in two series. No. 
A266. >i. ; 

Their origin is uncertain, but it appears to be West Indian. They are in the same 
beach-worn state as several other types of West Indian corals studied by Professor 
Dana. Apparently most West Indian corals, in good condition, were scarce in 
American museums at the time when he wrote his great work. 

It appears to be a small or somewhat dwarfed variety of O. annularis. I have seen 
fresh specimens of a similar variety from the Florida reefs. 

This may well be identical with M. stellulata Ellis and Solander, but the latter 
can not be determined with any certainty from the figure, which represents a badly 
worn specimen. Its calicles, as figured, are mostly even smaller than in Dana’s type, 
and somewhat unequal in size; the walls appear to be as solid as in the latter; the 
calicles project slightly as in annularis; 12 to 15 septa are figured, all perfect; colu- 
mella is as in annularis. There is much more reason for calling this a variety of O. 
annularis than there is for identifying it with Solenastraea hyades, as Gregory has done. 
There is no evidence that it is a Solenastraea. 


Fortunately Dana’s Orbicella stellulata is a synonym of O. annu- 
larts and is not even of varietal importance. Professor Verrill says, 
‘This may well be identical with MM. stellulata Ellis and Solander,’’ 
an opinion from which I emphatically dissent. The figures of Ellis 
and Solander are of a Solenastrea (Nat. Hist. Zooph., pl. 53, figs. 8, 4); 
the costae do not continue from one calice to those of adjacent calices, 
and the exotheca, as is shown by the side of figure 3, is typical of 
LEU: Furthermore, in the description of ANS species it is 
stated, ‘‘interstitiis planiusculis scabriusculis,’ the intercorallite 
areas are not ‘‘radiate”’ as in annularis. The Heliastraea stellulata 
of Milne Edwards and Haime (see pl. 80, figs. 7, 7a, 76) is not the 
Madrepora stellulata of Ellis and Solander; it is probably the same 
as Orbicella annularis. 

There is much doubt about the Oyphastraea oblita Duchassaing and 
Michelotti. The following is the original description: 

Espéce arrondie, avec des étoiles arrondies et 4 bord un peu elévé: cétes rares, 


presque confluentes; les intervalles de lune & l’autre étoile sont garnies de granu- 
lations; la columelle est grande et papilleuse. 
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La Cyphasirea oblita a les bords moins elévés, et les cloisons plus debordantes que 
celles de la Cyph. microphthalma qui sont aussi garnies d’une petite dent subpali- 
forme qui manque dans la Cyph. oblita. St. Thomas. 

I found im the Museum of Natural History at Turin a specimen 
labeled ‘‘ Cyphastrea oblita.” It is a specimen of Orbicella annularis. 
Another specimen bearing the same label, seen in the Muséum d’His- 
toire Naturelle at Paris, is a Solenastrea.1 The latter is a rounded 
head with a greater diameter of about 130 mm. The calices range 
in diameter from 2 to 3 mm.; distance apart from somewhat less to 
shehtly more than 1 mm., occasionally 2mm. Margins of the calices 
marked by a slightly raised rim. Costae insignificant, occasionally 
extending from one calice to the next. Septa in three complete 
cycles, primaries and secondaries reaching the columella; tertiaries 
shorter, with inner edges free, i. e., not fused to tke sides of a lower 
cycle. Pali variable in development; in some calices they are large, 
flattened above, before all septa except the last cycle; in others, 
several teeth indicate the position of a palus. Columella, lax and 
papillary. This specimen is the same as the Heliastraea abdita 
Duchassaing and Michelotti. 

The original description of Cyphastrea oblita is not adequate for 
identification. One of the specimens from the Duchassaing and 
Michelotti collection is Orbicella annularis, the other the same is their 
own Heliastraea abdita. Because the Paris specimen is probably the 
type L am placing the species in the synonymy of Solenastrea bour- 
nont M. Edwards and Haime (see p. 400). 

Helvasiraea rotulosa Duchassing and Michelotti is a growth form of 
O. annularis, judging by the description. I did not find the type in 
Turin. 

The specimens determined by Duchassing and Michelotti as 
Heliasiraea acropore (Linnaeus) and H. lamarcki Milne Edwards and 
Haime are, according to specimens bearing those names in the 
Museum of Natural History at Turin, referable to Orbicella annularis. 

The type of Duncan’s Cyphasiraea cosiaia from Barbuda is pre- 
served in the Geological Society of London, and I studied it there. 
The specimen shows no noteworthy variation from the usual Orbicella 
annularis, except that its calices are from 3 to 4 mm. in diameter, 
usually 3.5 mm, Another specimen, from Santo Domingo, labeled 
Cyphastraea costata is a Solenasirea. The specimens determined by 
Gregory as C. cosiata were studied in the British Museun of Natural 
History; they are O. annularis. 

Asiraeca barbadensis Duncan is a specimen of O. annularis from the 
Pleistocene reefs of Barbados. 


' Mlustrations of this specimen have been published by mein U. 8. Geol. Surv. Prof. Pap. 98-T, pl. 99, 
figs. 3, 3a, 1917. 
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Gregory refers Heliastraea altussema Duncan to the synonymy of 
this species, but I doubt the correctness of his conclusion and am 
treating it as valid. 

Geologic distribution.—Pleistocene and Recent, throughout the 
elevated reef areas of the West Indies, eastern Conteal America, and 
Florida. 

Duncan ! has listed Asiraea barbadensis, one of the synonyms of 
O. annularis, from the ‘‘marl formation’’ of Antigua, remarking that it 
is ‘greatly altered by fossilization; the calicular surface is subplane, 
and the calices are seen as prominent columnar casts.’’ Should 
Dunean’s identification be correct, the geologic range of O. annularis 
extends from Oligocene time to the present. Mr. R. T. Hill obtained 
in Antigua a silicified specimen that looks like O. anmilarts, but Tam 
not sure that it is that species. 

Costa Rica, station 4269, Port Limon, collected by Doctor Wailes 
in beds referred to the Pliocene. There are three dissociated coral- 
lites which have the general characters of Orbicella annularis, but are 
not absolutely typical, for the primary septa are appreciably but not 
strikingly thicker than the secondaries. They are, therefore,somewhat 
intermediate between typical examples of the species and Orbicella 
lambata (Duncan). 

2, ORBICELLA LIMBATA (Duncan). 


Plate 85, figs. 1, la, 2, 2a, 2b, 3, 4, 4a. 


1863. Phyllocoenia sculpta var. tegula DuNcAN, Geol. Soc. London Quart. Journ., 
vol. 19, p. 482. 

1863. Phyllocoenia limbata Duncan, Geol. Soc. London Quart. Journ., vol..19, 
p. 433. 

1864. Plesiastraea ramea DuNcAN, Geol. Soc. London Quart. Journ., vol. 20, p. 
39, pl. 5, figs. la, 10. 

1866. Phyllocoenia limbata DucHassaine and MrIcHELoTTI, Sup. Mém. Corall. 
Antilles, p. 76 (of reprint). 

1866. Plesiastraea ramea DucHAssAING and Micuenotti, Sup. Mém. Corall. 
Antilles, p. 87 (of reprint). 

1868. Phyllocoenia limbata Duncan, Geol. Soc. London Quart. Journ., vol. 24, 
p. 23. 

1868. Plesiastraea ramea DUNCAN, Geol. Soc. London Quart. Journ., vol. 24, p. 

1870. Phyllocoenia limbata DucHAssainG, Rev. Zooph. et Spong. Antilles, p. 

1870. Plesiastraea ramea DucHASSAING, Rev. Zooph. et. Spong. Antilles, p. 30. 


5. 


2 
28. 


Original description of Phyllocoenia limbata:' 


Corallum in the shape of Stylina limbata Edwards and Haime. Stem large 
and cylindrical. Corallites numerous, irregularly placed. Calices separated by 
much coenenchyma, circular and but slightly elevated. Costae covering much 
surface. Slightly dentate where they approach, and turning aside from those of other 
calices;. they are not continuous, not very prominent, and slightly granular. Septa 
not projecting far inwards, laminae granular; their upper margin is neither incised nor 
dentate; in six systems of generally three cycles, though occasionally of four. Pri- 


1Geol. Soc. London Quart. Journ., vol. 19, 1863, p. 433. 
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mary septa largest. Columella rudimentary. Endotheca abundant. Diameter of 
calice, with costae, one-fifth inch [5 mm.]. 
The deficient columella is the only point in which this species differs from Madre- 
pora limbata Goldfuss, which has been determined by Milne Edwards to be a Stylina. 
From the yellow shale of San Domingo. Coll. Geol. Soc. 


Original description of Plesiastraea ramea: | 


Corallum in gibbous masses or more or less cylindrical processes with irregular 
swellings. Calices distant, very slightly exsert, circular, and unequal in size. 
Septa thick at the wall, thin internally, unequal in size, according to the 
orders; finely dentate above, but sparely granular laterally. In six systems of three 
cycles, with occasionally an additional order in one-half of a system. Pali very 
small. Columella lax, papillated, and small. Fossa moderately deep. Costae well 
developed, subequal, and marked by three or four dentate projections; they are evi- 
dently covered with a fine epitheca, which is not granular; where the epitheca is worn 
the costae are seen to be smaller, the tertiary being much smaller than the others; all 
project, however. Hxotheca moderately developed and often becoming indurated. 
Endothecal dissepiments fragile, but horizontal and frequent. Height, some inches; 
diameter of branches 1 inch, more or less; diameter of corallites four-thirtieths inch 
[3.3 mm.]; distance between corallites about one-tenth inch [2.5 mm.]. 

From the silt of the Sandstone plain, San Domingo. Coll. Geol. Soc. 

I examined Duncan’s types of Phyllocoena limbata and Plesiasiraea 
ramea in the Geological Society of London and made a note that the 
latter, except that its septa are broken down and the calices have a 
hollowed-out appearance, is the same as the former. 

In my Some fossil Corals from the elevated Reefs of Curacao, 
Arube, and Bonaire, and my Stony Corals of the Porto Rican 
waters, I placed in the synonymy of Orbicella acropora (=O. 
annularis), the three names of Duncan, cited above, considering the 
specimens to which they were applied as growth forms of that species. 
More detailed studies, subsequently made, have led me to believe 
that I was mistaken in that course. This coral is very similar to O. 
annularis. However, there appear to be two constant differences— 
namely, the primary septa within the calices are uniformly thicker 
and usually longer than the secondaries (this lesser development of 
the secondaries is not occasional as in O. annularis but constant) and 
small, but distinctly developed, pali occur before the primary and 
secondary septa. 3 

I have for study one specimen from Duncan’s original material, 
labeled Plesiasiraea ramea Duncan, No. 155273, U.S.N.M., kindly 
sent to the United States National Museum by the authorities of the 
Geological Society of London (see pl. 85, figs. 1, 1a); 10 specimens 
belongmg to the Museum of Comparative Zoology, 4 specimens 
collected by Miss C. J. Maury in Santo Domingo, and material 
obtained by myself near Santiago, Cuba. The first specimen is not 
in very good condition for study, and does not fit Duncan’s descrip- 
tion well. The Museum of Comparative Zoology specimens, however, 


1Geol. Soe. London. Quart. Jour., vol. 19, 1863, p. 421. 
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fit exactly, omitting the remarks about the costae being covered by 
epitheca. The figures presented on plate 85, figs. 2, 2a, 2b, and 3, 
are based on these specimens. 

Phyllocoenia sculpia var. teguia Duncan.’ As I do not find Dun- 
can’s description of this coral satisfactory, and as the authorities of 
the Geological Society of London have kindly sent one of the original 
specimens to the United States National Museum (No. 155274), 
(see pl. 85, figs. 4, 4a), I submit the following description: 

Corallum, a rather thick folium; the specimen here described is 
unfortunately broken on all its edges, its original dimensions are there- 
fore unknown. Its present length is 62 mm.; width 40 mm.; greatest 
thickness, 15.5 mm.; thickness near outer edge 5.5 mm. Base in- 
vested with a coarsely wrinkled epitheca. 

The calicular margins are on the same level as the flat exothecal 
surfaces, or are very slightly raised. In form the calices are circular 
or somewhat deformed. Diameter from about 2 mm., to 2.5 by 
3.25 mm.; distance apart, from 1 to 3mm. _ Intercoralhte areas with 
costae, beaded on the edges, equal or alternating in size, correspond- 
ing to all septa, those of one calice meeting those of the adjoining 
calices. : 

Septa usually in three complete cycles, primaries and secondaries 
lerger, and usually thicker, than the tertiaries, primaries average 
larger than the secondaries. All the primaries and most of the second- 
aries reach the columella. 

Columella trabecular. 

Locality and geologic oecurrence.—Nivajé shale, Santo Domingo, t. 
Dunean. 

Miss Maury obtained specimens in Santo Domingo as follows: 

Rio Cana, zone H, associated with Placocyathus, new species, 
Stylophora granulaia Duncan, Antillia bilobata Duncan, Orbicella bain- 
bridgensis Vaughan ?, Solenasirca bournont M. Edwards and Haime, 
Syzygophyllia gregoria (Vaughan), and Siderastrea siderea (Ellis and 
Solander). Rio Gurabo, zone D, associated with Stylophora affinis 
Duncan, Madracis decactts (Lyman), Pocillopora crassoramosa Dun- 
can, Siephanocoenia intersepia (Wsper), Orbicella cavernosa var. 
cylindrica (Duncan), Syzygophyllia dentata (Duncan) ; zone not stated, 
associated with Pocillopora crassoramosa, Thysanus grandis (Duncan), 
and Syzygophyllia dentata (Duncan). 

I collected in 1901 a fine specimen of this species east of La Cruz, 
at the crossing of the highway from Santiago to the Morro over the 
railroad, near Santiago, Cuba. Other corals collected there, including 
Stylophora species (probably S. affinis Duncan), Solenasirea bour- 
noni M. Edwards and Haime, a species of Thysanus (aff. T. excen- 
iricus Duncan), Siderasirea siderea (Ellis and Solander), and Goniopora 


1 Geol. Soc. London Quart. Journ., vol. 19, p. 432, 1853. 
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jacobiana Vaughan, indicate similarity m horizon with zone D of the 
Rio Gurabo section. 


3. ORBICELLA IMPERATORIS, new species. 
Plate 86, figs. 2, 3, 4, 5. 


Corallum forming rounded masses 16 cm. or more in diameter. 

Calices in the type-specimen are not much elevated but have a dis- 
tinct, somewhat raised wall; in other specimens the corallites may 
project as much as 2.5 to 3mm. Calicular diameter, 3.5 to 5 mm.; 
distance between calices, from 2 to 3.5 mm. Corallites joined by 
prominent, rather thin, distant costae, which correspond either to 
all cycles of septa or to the primaries and secondaries. 

Septa, typically in three complete cycles; the 6 primaries promi- 
nent, thicker than the members of the higher cycles, and extend 
to the columella; the secondaries usually do not reach the columella, 
only about half as long as the primaries; tertiaries shorter and thin- 
ner than the secondaries. The septa are usually distant in the wall. 
The third cycle of septa is incomplete in some calices; while in large © 
calices a few secondaries may reach 01 almost reach the columella. 

Columella formed by the fusion of the inner edges of the primary 
septa. 

Endotheca well developed as dissepiments. Exotheca well devel- 
oped between the strong costae, about 3 dissepiments within 1.5 mm. 

Localities and geologic occurrence.—Canal Zone, Panama, in the 
Emperador limestone, at stations 6015 and 6016, quarries in Empire, 
and 6017, one mile from Empire toward Las Cascadas, collected by 
T. W. Vaughan and D. F. MacDonald; station 6256, in the HEmperador 
limestone, 14 miles south of Miraflores, collected by D. F. MacDonald. 

Cuba, station 3450, 4 miles north of the City of Pinar del 
Rio, and station 3451, one-half mile west of Cienaga railroad station, 
near Habana, collected by T. W. Vaughan; station 3566, Bejucal, 
collected by Arthur C. Spencer; station 7544, Rio Yateras, near 
Guantanamo, collected by O. E. Meinzer. N. H. Darton, collected 
at station 7664, on the north slope of La Piedra, northeast of Jamaica, 
which is northeast of Guantanamo, a specimen of Orbicella apparently 
referable to this species. The calices are rather large, 7 mm. in 
diameter, and nearly all of the secondary septa reach the columella. 
It seems very near O. antillarum. The specimens from Ciénaga, 
Cuba (pl. 86, fig. 5), is illustrated as well as the cotypes from Panama. 

Anguilla, stations 6893 and 6967, Crocus Bay, collected by 
T. W. Vaughan. 

Cotypes.—No. 324884, 324902, 324903, U. S. N. M. 

Paratype.—No. 324878, U. S. N. M. 

This species is distinguished by the small size of its calices, its 
prominent costae, its 6 long septa, with intermediate septa shorter 
- according to cycle. 
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4, ORBICELLA ANTILLARUM (Duncan). 


~ 1863. Astraea antillarum DuNcaAN, Geol. Soc. London Quart. Journ., vol. 19, p. 
443. 
1866. Astraea antillarum DucHassatne and MicHetottr, Sup. Corall. Antilles, 
p. 86 (of reprint). 
1867. Heliastraea antillarwum Duncan, Geol. Soc. London Quart. Journ., vol. 24, 
. 24. 
1870. Heliastraea antillarum Ducuassaine, Rev. Zooph. Antilles, p. 30. 

This coral was doubtfully referred by me* to the synonymy of 
Orbicella cavernosa; but, as there is doubt, it is here accorded specific 
treatment. 

Original description.—‘ A specimen in the form of a rolled flint, 
found with silicified wood, has the corallum large, tall, probably 
resmbling in shape that of the San Domingan A. exothecata. Coral- 
lites close, unequal in size, but quite distinct; the transverse section 
shows them to be circular in outline. Septa in six systems of three 
cycles. The primary and secondary septa are nearly equal, and reach 
to the columella; the tertiary are small and straight; all are slender, 
wide apart, and very distinct. Costae tolerably developed, subequal. 
Walls moderately developed, by no means strong. Columella small, 
and occupying a small space. Endotheca greatly developed, vesicu- 
lar, and forming cells between the septa. Exotheca well developed; 
large cells broad, others squarer, with shelving dissepiments. Diam- 
eter of the corallites three-tenths inch [7.5 mm.]._ The interspaces are 
filled with opalescent or porcellanous silica; sclerenchyma often 
destroyed. Coll. Geol. Soc.” 

Locality.—Montserrat. 

Duncan ? lists a coral as Astraea antillarum variety, and makes 
the following note: “‘ With more distant calices than the type, pro- 
duced costae, and: a less perfect development of the third septal 
eycle. The exact locality is not known, but the coral, from its 
mineralogical characters, appears to have been obtained from An- 
tigua. Brit. Mus.” 

Regarding the apparent absence of a fourth cycle of septa, it will 
be noted that as they are often very small and may be broken away, 
something especially likely to occur in worn specimens such as 
fossils usually are, they may have been present, but were subse- 
quently destroyed. The size of the calices, 7.5 mm. in diameter, 
suggests the presence of quaternary septa. Additional material 
from Montserrat is needed to solve the question. 

5. ORBICELLA ALTISSIMA (Duncan). 


1867. Heliastraea altissima Duncan, Geol. Soc. London Quart. Journ., vol. 24, 


9 


pp. 12} 24) pl. 2, fig. 3. 


Original description.—‘ The corallum is very massive and tall, and 
its upper surface is subplane and wider than the base. ‘The calices 


1 Geologisch. Reichs. Mus. Leiden Samml., ser. 2, vol. 2, pt. 1, p. 28, 1901. 
2 Geol. Soc. London Quart. Jonrn., vol. 20, p. 36, pl. 4, fig. 2. 
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are barely above the common surface, they are circular, but occa- 
sionally deformed, and they are shghtly unequal in size. The calicular 
fossa is shallow, and the calicular margins are broader than the 
septa. The columella is small, distinct, lax, and parietal. The 
costae are well marked, unequal, and rarely touch, and they are 
thicker than- the septa. The costae of the highest order are well 
developed, and contrast with their rudimentary septa. The septa 
are delicate, they are thinner midway than elsewhere, and those 
which reach the columella have a paliform tooth; they are not exsert, 
and are only slightly dentate. The septa are very irregular in their 
arrangement. There are six systems, and in most of them there 
are three cycles with or without a part of a fourth in one-half of the 
system, so that there are constantly six septa in a system instead 
of eight. The endotheca is well developed; and the dissepiments 
are close, stout, and nearly horizontally parallel. The exotheca is 
abundant, forming small cells with arched outlines. Height of 
corallum 6-8 inches. Diameter of calices two-tenths inch [=5 mm.].’”’ 

Locality —St. Croix, Trinidad. 

Gregory ' places Duncan’s Heliastraea altissima in the synonymy 
of Orbicella acropora (Linnaeus), without giving his reason. He may 
be right, but the calices are large for O. acrepora (here called O. 
annularis), and judging from the presence of quaternary septa it is 
almost certainly distinct. According to Duncan’s figure every other 
septum reaches the columella, a septal arrangement which is one of 
the characteristics of O. annularis. I did not see the type in London, 
and think that until it is restudied or additional material has been 
collected at the type locality, it will not be possible to reach a positive 
decision as to the validity of the species. 


6. ORBICELLA CAVERNOSA (linnwens): 
Plate 87, figs. 1, la, 1b, le; plate 88, figs. 1, 2,3, 3a, 30. 


1766. Madrepora cavernosa LINNAEUS, Syst. Nat., ed. 12, vol. 1, p. 1276. 

1901. Orbicella cavernosa VAUGHAN, Geolog. Reichs. Mus. Leiden Samml., ser. 
2, vol. 2, p. 27 (Synonymy with exceptions noted below). 

1902. Orbicella cavernosa VeRRILL, Conn. Acad. Arts and Sci. Trans., vol. 12, p. 
102. 

1915. Orbicella cavernosa VAUGHAN, Washington Acad. Sci. Journ., vol. 5, p. 596. 

1916. Orbicella cavernosa VAUGHAN, Carnegie Inst. Washington Year Book No. 14, 
p. 227. 

In my first paper referred to in the synonymy I placed Astraea en- 
dothecata, Astraea cylindrica, and Astraea brevis of Duncan in the 
synonymy of this species. A. endothecata and <A. cylindrica now 
seem to me to deserve varietal recognition and A. brevis should be 
treated as a valid species until additional information concerning it 
is available. Duncan’s Astraea antiguensis, which 1 doubtfully 


1 Geol. Soc. London Quart. Journ., vol. 51, p. 272, 1895. 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 381 


placed in the synonymy of O. cavernosa, has the general appearance 
of Orbicella, but it is a fungid coral and is referred to the genus 
Oyathomorpha. Astraca antillarum, given by me as doubtfully a 
synonym of O. cavernosa, should for the present at least be treated 
as a valid species. 

As so many of the species related to O. cavernosa must be con- 
sidered in this paper, it is desirable to describe all those members of 
the group found in the American Tertiary formations and now 
living in the western Atlantic Ocean. The systematic rank of the 
forms described on the following pages is open to debate, and I wish 
here to express my recognition of other methods of treatment. As 
the forms, whether they be designated ‘‘species,’” ‘‘subspecies,”’ 
“‘variations,”’ or merely ‘‘variants,” exist, and as they have geographic 
and geologic significance, they should be discrimmated and char- 
acterized. In comparison with these desiderata nomenclatorial 
considerations are of secondary importaice. 

Orbicella cavernosa is so variable that great difficulty has been 
experienced 1m constructing an intelligible description. AV CTay 
-imteresting specimen, obtamed by Prof. J. E. Duerden in Jamaica 
and presented by him to the United States National Museum, will 
first be described in détail,as it shows within itself a wide range of 
variation and mdicates the lines of variation of other specimens 
more constant in their character (see pl. 87, figs. 1, la, 1b, 1c). 

The corallum is oblong; upper surface convex but not uniformly 
arched or domed; base epithecate. Length, 25 cm.; breadth, 20 

m.; thickness, 11.3 cm. 

The specimen has two different kinds of calices. Those of one 
kind are rather distant, protuberant, and have subequal, not very 
tall, thick, dentate costae (pl. 87, fig. 1). The transverse outline is 
circular or broadly elliptical, diameter between thecal summits 
8 mm.; one of the elliptical calices has a greater diameter of 11 mm., 
lesser about 9mm. The costae are about 1 mm. tall. The distance 
apart, measured between the outer costal edges, is from almost 
contiguous to6 mm. ‘The free limb of the corallite is subcylindrical 
and projects between 6 and 7 mm. The calices, as is shown by 
plate 87, figures 1, la, are not uniformly distributed, and vary in 
size, form, and prominence. 

In a fully developed calice there are 48 septa, every other one 
extending to and fusmg to the columella. All the septa, particularly 
the principals, are rather thick. The margins are dentate, within 
the calicular cavity, they fall abruptly to the bottoms of the calices, 
which are 3 to 4 mm. deep, and there the principals extend to the 
columella. There are septal teeth around the periphery of the 
columella but they are not in the form of well-developed pali or 
paliform lobes. 
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The columella is large, trabecular, with a papillate upper surface; 
diameter, as much as 4 mm. The columellar elements are rather 
often twisted and present a whorled appearance. 

Endothecal dissepiments rather delicate; exotheca, coarse and 
very vesicular. 

The calices of the other kind (pl. 87, fig. 1a) in their typical devel- 
opment are smaller than those above described, their edges are 
only slightly elevated, and the septa and costae are decidedly thin 
and exsert. Diameter of the calices from 5 to 8 mm.; septal margins 
2mm. tall. 

The differences between these two kinds of calices are so great 
that it seems scarcely possible that they could belong to the same 
species; however, they occur on the same corallum where perfect 
intergradation can be traced. 

Pourtalés, as far back as 1871,1 published the following important 
notes on this species: 


There is considerable variation among the specimens from Florida in the Museum of 
Comparative Zoology, enough apparently to warrant placing them among the three 
species mentioned in the synonymy; but by carefully examining the different parts 
of each specimen, passages from one to the other can be found. Thus young polypi- 
doms, expanding rapidly laterally and with rather distant polyps, appear at first to 
differ considerably from strongly convex ones with crowded calices; the costae are 
larger, flatter, and less sharply denticulate, and the border of the calicles less elevated. 

The size of the calicles, relied on to divide the genus into groups by Milne Edwards 
and Haime, is a very uncertain character; one specimen has in one part the calicles 
varying from 3.5 to 4 mm., in another from 7 to 8 mm. The same specimen has in 
some parts the contiguous walls united solidly, with very few or no exothecal cells, in 
others separated by an abundant cellular exotheca. In worn specimens the last cycle 
disappears first, for that reason probably Orbicella (Madrepora) radiata Ellis has been 
characterized by the Milne Edwards and Haime as having but three cycles. 


Verrill gives the following description:? 


Much of the confusion in regard to the name of this species is due to the fact that it 
was generally described and figured from badly beach-worn specimens by the earlier 
writers. Such specimens have the septa and calicles worn away and the hard ex- 
otheca thus becomes prominent around the excavate calicles, so as to greatly change 
the appearance of the coral. Another cause is the rather wide variations in the size 
of the calicles. 

The normal or average specimens have the calicles about 6 to 8 mm. in diameter, 
but occasionally a specimen occurs in which part or all of them may be 9-10 mm., or 
rarely, even 11 mm. in diameter. Sometimes, on crowded parts of large specimens, 
the diameter may be only 4to5 mm. The degree of elevation of the calicles is also 
more or less variable on a single specimen. 

The calicles may be pretty close together, where crowded, but in other cases they 
are separated by spaces of 4 to 6mm. ormore. The costae are usually well developed 
as denticulated, rounded, radial ribs, usually 48 in number. 

The septa are generally about 48, arranged in four regular cycles, but several oi 
those of the last cycle are often rudimentary or lacking, reducing the number to 40-44. 


1 Mus. Comp. Zool. Lill. Cat., No. 4, p. 76. 
2 ‘Trans. Conn. Acad. Arts and Sci., vol. 11, pp. 102, 103, 1902. 
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They differ in breadth and thickness according to the cycles; those of the last cycle . 
are very thin and often bend toward and join those of the third cycle. The principal 
septa are exsert, denticulated, and thickened at the wall. The columella is usually 
well developed and broad. The paliform teeth are distinct, but not very prominent. 
It sometimes forms hemispherical masses 4 to 5 feet or more in diameter. 

This species appears to be rare at the Bermudas, and probably occurs only on the 
outermost reefs. The only specimen seen by me from there was from near the North 
Rocks. (Centennial collection.) It is a hemisphere about 11 inches in diameter, of 
the typical form. It is common on the Florida reefs and throughout the West Indies, 
Bahia, Brazil; (Yale Mus.);=var. hirta, nov., with elevated corallites; roughly serrate‘ 
thin costae and septa; calicles deep, 5-6 mm. broad; septa narrow, perpendicular 
within, usually 40-44. 

The description of the Jamaican specimen, when taken in connec- 
tion with the notes by Pourtalés and Verrill, gives a good idea of the 
extent of the variation of the species except in one particular, that of 
the septal arrangement. The normal, fully developed calices have four 
complete cycles of septa; however, sometimes the fourth cycle may 
not be complete while at others there may be a few quinaries. In 
the recent specimens the tertiaries usually, but not invariably, 
extend to the columella. 

The characters common to all of the specimens may be briefly 
summarized as follows: 

Corallum massive, base epithecate, upper surface flat, irregularly 
convex, or domed. Calices more or less elevated, diameter from 5 to 
11 mm., externally costate, costae normally subequal. Septa nor- 
mally in four complete cycles, the members of the first three cycles 
extend to the columella, but the fourth may not be complete, and 
sometimes there may be a few quinaries. Columellar trabecular, 
well developed, large, with a papillary upper surface. 

Remarks on the synonomy of O. cavernosa.—The names O, radiata 
(Ellis and Solander), 0. argus (Lamarck), O. conferta (Milne Edwards 
and Haime), and O. cavernosa var. hirta Verrill, are definitely placed 
in the synonymy of O. cavernosa, and it is thought probable that 
O. braziliana Verrill, should be referred to it. These names will be 
discussed seriatim. 

Gregory applies O. radiata to this species, as he considers the Lin- 
-naean definition of Madrepora cavernosa insufficient, an opinion with 
which I do notagree. All the Linnaean descriptions are unsatisfactory, 
but in this instance Linnaeus refers to the figures of Seba, he places the 
Madrepora astroites of Pallas in its synonymy, and he states ‘‘Habitat 
in O. Americano.” Taking all things together, the original diagnosis 
with the references seem to me sufficient for purposes of identifica- 
tion—in fact, the brief Latin description is not bad. O. radiata was 
supposed to differ from O. cavernosa by possessing only three cycles 
of septa. Pourtalés states, in the quotation already made from him, 
that ‘‘In worn specimens the last cycle disappears first; for that 
reason probably Orbicella (Madrepora) radiata Ellis and Solander has 
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been characterized by Milne Edwards and Haime as having but 
three cycles.” 

Lamarck’s Astrea argus is a new name for the Madrepora cavernosa 
Hsper. The reason for his giving it is not evident. 

The specimen identified by Ehrenberg as Explanaria argus, which 
is the type of Milne Edwards and Haime Astrea conferta, is in the 
Berlin Museum fiir Naturkunde, and the following notes are based 
upon it: 

The specimen is much worn and is apparently somewhat fossilized. 
The calices are not regularly rounded, but frequently are of irregular 
polygonal outline. The greater diameter of an average calice is 
8.5 mm.; lesser 7 mm. Thickness of wall between the calices is 2.5 
mm. In one calice there were 21 large and 21 smaller septa; there 
may be four complete cycles in some calices. The columella is very 
large and vesicular and occupies the greater part of the corallite 
cavity. Dissepiments abundant, about 13 to 5 mm.; they slope 
downward and inward. From reading the Pourtalés description 
quoted above, it will be evident that this is only a variety of O. 
cavernosa with crowded calices. The Hxplanaria radiata of Ehrenberg 
is the ordinary Heliastraea cavernosa as figured by Milne Edwards 
and Haime, except that the fourth cycle of septa may not always be 
complete. 

Orbicella cavernosa var. compacta Vaughan (pl. 88, figs. 3, 3a, 36) 
has solid exotheca, low mammillate corallites, and equal costae. 
Recent on the Brazilian coast; lat. 12° 48’ S., long. 38° W.; 27 
fathoms. 

Localities and geologic occurrence.—On the living and Pleistocene 
reefs of Florida, the West Indies, and the Caribbean side of Central 
America. There are beach worn or Pleistocene specimens from the 
Isthmus of Darien in the United States National Museum, collected 
by Dr. Van Patton. 


6a. ORBICELLA CAVERNOSA var. ENDOTHECATA (Duncan). 


Plate 89, figs. 1, la. 


1863. Astraea endothecata Duncan, Geol. Soc. Lond. Quart. Journ., vol. 19, 
p. 434, pl. 15, figs. 7a, 7b. 

1868. Heliastraea endothecata DuNcAN, Geol. Soc. London Quart. Journ., vol. 24, 
p. 24. 

The corallite walls are thick; costae strongly alternating in size; 
the last cycle are small and thin, and there appear to be no septa 
corresponding to them; occasionally there is a rudimentary septum 
of the fourth cycle. The last cycle of septa may have been broken 
off; or the wall, because of subsequent thickening, may have included 
their inner ends; all other septa, with rare exceptions, extend to the 
large, well developed columella. Diameter of corallites from 8 to 
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10mm. Type in the Geological Society of London; duplicate in the 
United States National Museum (No. 155276). The preceding re- 
marks are based on the latter. 

Localities and geologic occurrence—Type said to come from the 
Nivajé shale of Santo Domingo. . 

Costa Rica, station 4269, Port Limon; collected by Doctor Wailes 
in a bed of reputed Pliocene age. The size of the calices, and the 
costae, wall, and columella of the Port Limon specimen are as 1n var. 
endothecata; but usually every other septum meets the columella; a 
cycle of small septa between the larger is clearly present. As it is 
probable that the last cycle of septa has been destroyed in the type of 
var. endothecata, the presence of small septa between the larger would 
not indicate specific difference. The strongly developed costae with 
small ones between them are the same in both the type and the Port 
Limon specimens. 

The stratigraphic range of this variety, therefore, is from the 
Nivajé shale (lower Miocene) to probably Plocene. 


6b. ORBICELLA CAVERNOSA var. CYLINDRICA (Duncan). 
Plate 89, fig. 2. 


1863. Astraea cylindrica Duncan, Geol. Soc. London Quart. Journ., vol. 19, p. 
434, pl. 15, fig. 8. 

1868. Heliastraea cylindrica DuNcAN, Geol. Soc. London Quart. Journ., vol. 24, 
p. 24. 

This variety closely resembles var. endoihecata. it has smaller 
corallites, 5 to 6 mm. in diameter; fewer septa, 12 to 16 principal 
septa, with from 1 to 3 smaller intermediate septa. Between each 
pair of larger septa on the mural summits around the calices is an 
intermediate rudimentary septum; the iotal number of septa is 
about 38. The costae corresponding to the principal septa are 
strikingly prominent, while those corresponding to the rudimentary 
septa are very small or even obsolete. The calice is rather deep, 
about 2.5 mm. 

This coral may be only a growth facies of O. endothecata. 

Localities and geologic occurrence.—Duncan type, in the Geological 
Society of London, comes from ‘“‘the tufaceous limestone” of Santo 
Domingo; duplicate specimen No. 155277, U.S.N.M. Miss C. J. 
Maury has recently collected the variety in Santo Domingo as fol- 
lows: 

Rio Gurabo, zone D, associated with Stylophora affinis Duncan, 
Madracis decaciis (Lyman), Pocillopora crassoramosa Duncan, 
Siephanocoenia intersepia (Esper), Orbicella limbata (Duncan), Orbi- 
cella cavernosa (Linnaeus) var., Syzygophyllia dentata (Duncan), 
The single specimen collected is essentially typical, in fact it is a 
better specimen than Duncan’s type. Cercado de Mao, without 
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more specific information. The latter specimen has corallites with 
somewhat larger diameter, as much as 7.5, than those of typical 
specimens, diameter 4.5 to 5 mm., in that respect more closely 
resembling var. endothecata, but there are no or only a few small 
costae between the large ones, and the septal characters are more 
similar to those of var. cylindrica. 

Costa Rica ‘‘Colline en démolition’’, Port Limon, No. 669, col- 
lection of H. Pittier. The specimens from Port Limon consist of 
two isolated corallites, which so closely resemble those of the type 
of var. cylindrica as not to need comment. Except in size, they are 
very similar to var. endothecata. 


7. ORBICELLA APERTA (Verrill). 
Plate 89, fig. 3. 


1868. Heliastraea aperta VeRRitu, Conn. Acad. Arts and Sci. Trans., vol. 1, p. 356, 
1902. Orbicella aperta VerritL, Conn. Acad. Arts and Sci. Trans., vol. 2, p. 103 
pl. 33, figs. 1, la. 


’ 


This species is especially characterized by having the principal 
septa, that is, those of the first, second, and third cycles, all of which 
ordinarily reach the columella, taller and thinner than is usual in 
O. cavernosa. At one time I was inclined to consider it only a‘variety 
of Orbicella cavernosa, but comparisons of large suites of O. cavernosa 
from Florida and the West Indies with a good suite of O. aperta 
from Brazil shows persistently recognizable differences. 

Localities.—Abrolhos reefs, Bay of Bahia, and Island of Itaparica, 
Brazil. 

8. ORBICELLA BAINBRIDGENSIS, new species. 
Plate 90, figs. 1, la, 16, le. 


In growth form, general aspect of the corallum, and size of calices 
similar to Orbicella cavernosa. 

Calices 6 to 7 mm. in diameter; walls slope from calicular margins 
to bottom of intercorallite areas; protuberant about 2 mm.; distance 
apart from 1.5 to 3.5 mm. 

Costae subequal, relatively thick, rather low, beaded on the 
edges, correspond to all septa, meet in the intercorallite depression. 

Septa in nearly four complete cycles, 10 to 12 septa, i. e., the 
primaries and most or all of the sceondaries are thicker than the 
other septa, these and in some calices a variable number of tertiaries 
extend to the columella. Usually the tertiary septa do not reach 
the columella, and the quaternaries are still shorter. The septa are 
distinctly of three sizes, even where the tertiaries reach the columella 
they are thinner than the members of the lower cycles. Septal 
margins dentate; distinct, rather wide, erect paliform lobes usual 
on the inner ends of the primaries and secondaries and in places 
on the tertiaries; on some septa instead of paliform lobes there are 
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several teeth with rounded upper ends. The youngest septa are 
largely composed of ascending spines which are not completely fused . 

Columella relatively large, composed of septal trabeculae, upper 
surface coarsely papillate. 

Endothecal dissepiments highly developed, forming curved vesicles. 
Exotheca composed of successive, superposed but separated plat- 
forms extending between corallites (see pl. 90, fig. 1c). 

Localities and geologic occurrence.—Georgia, stations 3881, Blue 
Spring, 4 miles below Bainbridge, and station 3883, Hales Landing, 
7 miles below Bainbridge, Flint River, Decatur County, collected by 
T. W. Vaughan; in the basal part of the Chattahoochee formation, just 
above the contact with the Ocala limestone. In the base of one 
specimen from station 3383 there is a cast of the surface of Cerithium 
vaughani Dall, and there are several specimens of orbitoidal foram- 
inifera, one of which is clearly a species of Lepidocyclina. Stations 
6085, Withlacoochee River, a few hundred yards below the Val- 
dosta Southern Railway bridge, and 6084, about 3 miles below the 
same bridge, Lowndes County, Georgia, collected by L. W. Stephen- 
son. 

Type.—No. 324881, U.S.N.M. 

Santo Domingan specimens, representing a very closely related if 
not identical species, were obtained by Miss C. J. Maury, on Rio 
Cana, in what she refers to as zone H, in association with a fauna 
representing the Bowden horizon, namely, Placocyathus new species, 
Stylophora granulata Duncan, Antillia bilobata Duncan, Orbicella lim- 
bata (Duncan), Solenastrea bournont M. Edwards and Haime, Syzy- 
gophyllia gregorii (Vaughan), and Siderastrea siderea (Ellis and 
Solander). 

9. ORBICELLA COSTATA (Duncan). 
Plate 91, figs. 1, la, 2, 3, 3a; plate 92, figs. 1, 2, 3; plate 93, figs. 1, la. 


1863. Astraea costata DuNcAN, Geol. Soc. London Quart. Journ., vol. 19, p. 422, 
Plyler tie; 9: 

1867. Heliastraea costata DuncaAN, Geol. Soc. London Quart. Journ., vol. 24, p. 24. 
Original description.—‘The specimens of this species which I have 
examined present polished longitudinal and transverse sections of 
corallites, but I have seen no calices. Corallites long, parallel, some- 
times deformed, generally circular in transverse outline, not crowded, 
but close, varying in size. Intercorallite spaces very distinct. Walls 
thin, not thicker than the delicate septa. Costae large alternately, 
both sizes equally produced; wedge-shaped at the wall, pointed, and 
often bent at the free end. Septa all delicate and linear near the 
columella and in the middle; at the wall their base is narrower than 
that of the costae. They are arranged in six systems, the cycles 
being very irregular. In three systems there are three cycles, and 
in the rest an incomplete fourth; rarely there are two systems with 
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four complete cycles; the fourth and fifth orders often curve toward 
the third order. Lamellae rather cribriform, joining the columella 
by oblique processes. Columella lax, small, and formed by dissepi- 
ments from the septa and a central spongy mass. Endotheca very 
abundant, vesicular, and horizontal, with four or five dissepiments 
in one-tenth inch [2.5 mm.]. Exotheca abundant, nearly equal to 
the endotheca: Reproduction by extra-calicular budding. Diam- 
eter of the corallites from three-tenths to seven-twentieths inch [7.5 
to 8.25 mm.]. 

“This species is closely allied to the astraeans with great endo- 
thecal development, and especially to Astraea vesiculosa Edwards 
and Haime, from Dax, as well as to A. antillarum nob., and A. 
endothecata nob.” 

Locality.—‘The Marl of Antigua.’ 

Illustrations based on one of Duncan’s original specimens, but not 
the type, are given on plate 91, figures 1, la. 

This species 1s represented in the Antigua formation of Antigua, 
the Pepino formation of Porto Rico, the Culebra formation of the 
Canal Zone, and in the marls and limestone of Anguilla. The prin- 
cipal variation consists in the size of the calices. The minimum size 
of the calices in the Antiguan specimens (pl. 91, figs. 2, 3, 3a) is 
about 7 mm., which is about the average for the Porto Rican speci- 
mens (pl. 92, fig. 1), and the calices of the specimens from the Canal 
Zone (pl. 92, fig. 2) average slightly smaller than those from Porto 
Rico, but the two sets of specimens differ very little. In Anguilla 
(pl. 92, fig. 3; pl. 93, figs. 1, la) the large and small calicled forms are 
found in association. 

The amount of the protuberance of the corallites varies greatly, 
but protuberant and low corallites are found on the same corallum. 
Usually where the corallites are low the alternation in size of the 
costae is not so pronounced as where the corallites are exsert; but 
some protuberant corallites of the specimen represented by plate 92, 
figure 3, have equal costae on at least one side. 

There are pali before all except the last cycle of septa; they are 
moderately wide, erect, rounded above, form two crowns. 

Localities and geologic occurrence.—Antigua, in the Antigua forma- 
tion, at station 6881, Willoughby Bay, collected by T. W. Vaughan. 

Porto Rico, in the Pepino formation, station 3191, 4 miles west of 
Lares, collected by R. T. Hill. 

Canal Zone, in the Culebra formation, at station 6020c Las Cascadas, 
collected by Vaughan and MacDonald. 

Anguilla, stations 6893, 6894, 6966, in the lower and the middle. 
beds on the south and west sides of Crocus Bay; 6969a, bottom bed 
at Road Bay. ; 
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This species in its general aspect resembles Cyathomorpha belli 
Vaughan (see p. 459), but has thinner septa and costae and deeper 
ealices. The lower surface is more or less invested with epitheca, 
and no synapticulae could be found. 


1¢. ORBICELLA CANALIS, new species. 
Plate 94, figs. 1, la, 2, 2a, 3, 3a; plate 97, figs. 4, 4a. 


This species can best be characterized in terms of comparison with 
O. costata. The growth forms and the general facies of both are 
similar, except that the maximum size of the calices in O. canalis 
is nearly the minimum size in O. costata; range in calicular diameter 
of O. canalis from 5 to 9 mm., average about 6 or 6.5 mm. 

The costae in O. canalis are alternately large and small or sub- 
equal around the calicular edge below which they may be subequal, 

alternately large and small, or the last cycle may disappear. 

- Septa in 4 or nearly 4 cycles; primaries notably larger than the 
secondaries except in occasional unusually large calices, and each 
bears a strong tooth on its inner end; secondaries thinner than-the 
primaries, also with a tooth on the inner end, these and the primaries 
reach the columella; tertiaries shorter, but with a paliform thickening 
or a tooth on the inner end; quaternaries decidedly small. The 
septa usually are lanceolately thickened in the wall, in this character 
resembling typical O. costata. 

The columella is formed by the fusion of the inner ends of the 
septa and is less developed than in O. costata. 

Endotheeal dissepiments well developed, thin, from 0.5 to 1.5 mm. 
apart. Exotheca consists of thick-walled blister-like, small vesicles, 
about 0.5 mm. high, and more or less wavy platforms which extend 
between the corallites. 

Localities and geologic oceurrence.—Canal Zone stations 6015 and 
6016, quarries. in the Emperador limestone, Empire, collected by 
T. W. Vaughan and D. F. MacDonald, also collected in Empire by 
Ralph Arnold. 

Anguilla, stations 6894, lower bed; 6966, middle bed, between 
50 and 75 feet above the base of the section; and 6967, upper bed, 
west side of Crocus Bay, collected by T. W. Vaughan. 

Type.—No. 324862, U.S.N.M. (pl. 94, figs. 1, 1a). 

Paratypes.—No. 324861, U.S.N.M. (pl. 94, figs. 2, 2a; pl. 97, figs. 4, 
4a). The specimen represented by plate 94, fig. 3, 3a No. 324859, 
U.S.N.M. isa varietal form that appears referable to O. canalis; it is 
from Anguilla. 

Orbicella canalis is so nearly related to a number of Antillean upper 
Oligocene species, that I have hesitated to apply a distinctive name, 
but as the large suite of specimens before me, 30 of those from Km- 
pire, Canal Zone, have been selected as the reserve series of the 
United States National Museum, shows characters by which they 


390 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


can be discriminated, it seems logical to recognize them as a species. 
Stylangia panamensis has a general resemblance to those specimens 
of O. canalis in which the corallites are small and the costae not 
very prominent; but the corallites of O. canalis are larger, and they 
have not the lamellate columella of S. panamensts. Small-calicled 
specimens with prominent, strongly alternating costae resemble O. 
imperatoris, and differ from the latter by their somewhat larger 
ealices and more numerous septa. The calices of O. costata are 
larger, the primary and secondary septa are subequal, and the col- 
umella is more developed. In both O. intermedia and O. costata 
the secondary septa are more developed. Larger suites of speci- 
mens than are at present available may lead to the reduction of some 
of these names to subspectfic or varietal rank. 


11. ORBICELLA TAMPAENSIS, new species. 
Plate 95, figs. 1, 2, 2a, 3, 3a. 


1915. Orbicella cavernosa var. tampidensis VAUGHAN, nomen nudum, U. S. Nat. 
Mus. Bull. 90, p. 18. 

The corallum forms head-shaped masses up to the size of a man’s 
fist. 

Calices deep, decidedly elevated, up to 4 or 4.5 mm.; diameter 
from 6 to 10mm. Costae prominent, distant; there are no or only 
rudimentary costae corresponding to the last cycle of septa. 

Septa, distant, in four cycles, the fourth usually more or less in- 
complete. The primaries and some or all of the secondaries, occa- 
sionally a tertiary, reach the columella. Usually there are three or 
four different sizes. On the inner ends of the primaries are paliform 
teeth, below which the margins fall steeply to the bottom of the fossa. 
Margins of the primaries exert as much as 1.5 mm.; those of secon- 
daries almost as prominent: those of the tertiaries less prominent; 
those of the quaternaries inconspicuous. Septa thickened in the wall. 

Columella much looser than in the other related species. 

Locality and geologic occurrence.—The ‘‘silex’”’ bed of the Tampa 
formation, Tampa, Florida. 

Type.—No. 324900, U.S.N.M. (pl. 95, figs. 2, 2a.) 

Paratype.—No. 324901, U.S.N.M. (pl. 95, fig. 1.) 

Paratype.—Wagner Free Institute of Science, Philadelphia (pl. 
95, hig. 3): 


lla. ORBICELLA TFAMPAENSIS var. SILECENSIS, new variety. 
Plate 96. 


1915. Orbiceila cavernosa var. silecensis VAUGHAN, nomen nudum, U.S. Nat. Mus. 
Bull. 90, p. 18. 


Corallum oblong, irregularly convex above; type about 16 cm. long, 
11 cm. wide, and 9.5 cm. high. 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 891 


 Calices slightly elevated, the corallites somewhat swollen below the 
ealicular edges. Diameter, 8.5 to 9.5mm. Costae prominent; those 
corresponding to the primary and secondary septa subequal; tertiaries 
subequal to those of lower cycles or smaller; fourth cycle small but 
usually recognizable. . 

Septa in four cycles, usually differentiated in size according to 
cycle; primaries and secondaries and occasionally some tertiaries reach 
the columella. Margins of primaries, secondaries, and _ tertiaries 
exsert, up to as much as 1.5 mm., usually about 1 mm.; those of the 
quaternaries obvious but not prominent. 

Columella rather well developed. 

Locahty and geologic occurrence.—The ‘‘silex” bed of the Tampa 
formation, Tampa, Florida. 

Type.—Wagner Free Institute of Science, Philadelphia. 

Paratype.—No. 324896, U.S.N.M. 

This variety, which intergrades with the typical form of the species, 
is especially distinguished by its less prominent calices and the better 
developed last (quaternary) cycle of costae. 

Orbicella tampdensis var. silecensis is near Orbicella costata, from 
which it is separable especially by the more exsert margins of the 
primary, secondary, and tertiary septa, and by the quaternary septa 
having much lower margins than those of the other cycles. The gen- 
eral resemblance of the Tampa specimens of O. tampdensis var. silecen- 
sis is so close to specimens of O. costata from Anguilla that at one time 
I thought them referable to the same species, but the differences in 
the characters of the costae and of the upper septal margins served to 
separate them. For a comparison of 0. tampdensis with O. irradians 
(Milne Edwards and Haime) Vaughan see page 394 of this paper. 


12. CRBICELLA BREVIS (Duncan). 
Plate 97, fig. 1. 


1864. Astraea brevis Duncan, Geol. Soc. London Quart. Journ., vol. 20, p. 37, 
pl. 4, figs. 3a, 35. 

1868. Heliastraea brevis Duncan, Geol. Soc. London Quart. Journ., vol. 24, p. 24. 

1870. Heliastraea brevis DucHAssainG, Rey. Zooph. et Spong. Ant., p. 30. 


-The following is Duncan’s original description: 


Corallum small, irregularly convex above, and slightly concave belcw. Coral- 
lites short, irregularly distant, and radiating. Calices circular, tolerably elevated, 
their height varying; the margin is rather sharp, and the external wall is marked 
by very distinct costae. The septa are very slightly exsert, largest at the wall, arched, 
the radius of the curve being directed upwards and inwards, passing but a little way 
inwards before descending abruptly; they-are dentate on the free margin. In six 
systems of three cycles, with a septum of a fourth in some half-systems; primary 
septa the largest, the tertiary being small. The laminae are perfect, join the col- 
umella by ascending processes, and are slightly granular. Costae well developed, 
passing downwards and outwards from the margin; the primary are equal to the 
seccndary, and there is some variation in the size of the tertiary; they are dentate, 
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and appear to be covered with a fine epitheca, and their course is often in a curve. 
In transverse and vertical sections the costae are seen to project far from the wall, 
and to be marked by oblique and abundant exothecal dissepiments; the tertiary 
costae being much less projecting than the others. The columella is large, lax, and 
papillary. The fossa is deep. The endotheca is not well developed, but the dis- 
sepiments extend to close to the calice. Diameter of calices one-fifth inch [5 mm.]; 
height of the corallum 9.10 inches [22.5 mm.]. The costae are very marked in this 
species, and with the papillary columella and short calices distinguish it from its 
allies; it is related bota to Astraea cylindrica nob., and to Astraea cavernosa Edwards 
& Haime. 

From the Nivajé shale, San Domingo. Coll. Geol. Soe. 

Duncan’s remarks on the affinities of this coral are correct, and 
in a previous paper I referred it to the synonymy of O. cavernosa.t 
The type of the species is represented by plate 97, figure 1. The 
costae are similar to those of O. costata, but the calices are much 
smaller. It will be noted in the figure that around the calicular 
margins the costae are subequal and that lower down on the corallite 
limb those corresponding to the last cycle of septa become smaller 
while the alternate costae become more prominent and extend on to 
the intercorallite areas. The costal beading is rather coarse, therein 
resembling O. tampaensis, which has larger calices. As predictions 
as to the ultimate fate of coral-names are admittedly hazardous, 
I will only remark that it seems to me from the material available 
for study that O. brevis is a distinct species; but a specimen from the 
‘‘silex”’ beds near Tampa, Florida, so nearly bridges the gap between 
O. tampaensis and O. brevis that doubt is cast on their specific distinct- 
ness. Should the two supposed species ultimately be combined 
under one name, of course O. brevis, it being the older name, would 
persist, and O. tampaensis would become either a synonym or would 
be reduced to varietal or subspecific rank. 


13. ORBICELLA INSIGNIS (Duncan). 
Plate 98, figs. 1, 2, 2a. 


1867 Helvastraea insignis DuncAN, Geol. Soc. London Quart. Journ., vol. 24, pp. 
19, 24, pl. 1, fig. 4 

Original description —‘ The corallum is large, and the corallites 
also; they are wide apart, are circular in transverse outline, and are 
very equal in size. The wall is stout as regards the septa and costae, 
but thin in comparison with the diameter of the corallites. The septa 
are delicate, wide apart, long, slightly thicker at the wall than else- 
where, atraight, and the primary septa are hardly any broader than 
the tertiary. There are three cycles of septa in the six systems, and 
rarely a septum of the fourth cycle is noticed in half of a system. 
The primary and secondary septa are of equal length, and the tertiary 
extend far in towards the columella. The columella is small. The 
costae are long, slender, often bent, almost equal, and of about the 


1 Geolog. Reichs. Mus. Leiden, ser. 2, vol. 2, pt. 1, p. 29, 1901. 
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same thickness as the septa; occasionally a rudimentary costa is 
seen, and is not represented by a septum. The exotheca is inclined 
and abundant. The endotheca is very abundant and inclined. 

“Diameter of corallites (costae not included) four-tenths inch [10 
mm.]. 

“Toc. Antiguan Tertiary deposits. 

“The large size of the corallites, the low septal number, the long 
septa and costae, with the small columella and highly developed 
endotheca, distinguish this species.” 

One of Duncan’s original specimens, in the Geological Society of 
London, is represented by plate 98, figure 1. 

I did not obtain in Antigua any coral definitely referable to O. 
INSIGNIS. 

Regarding the specimens from Serro Colorado, Arube, referred by 
me to Oriicella cavernosa,' the following notes will be made (see 
pl. 98, fig. 2, 2a): 

The corallites are circular in cross section, and have a diameter 
of a centimeter, sometimes slightly greater. The distance between 
them is 3 mm. or even greater. Endotheca and exotheca are very 
richly developed. The septa are usually 24 in number, alternately 
larger and smaller, all of the larger reach the columella; occasional 
small quaternaries. They are thin, but are thickened at the wall 
sufficiently to form a so-called ‘‘pseudotheca.’”’ There are two speci- 
mens of this coral from Serro Colorado, one of which is completely 
silicified, and a large portion of the other has undergone silicification. 
The columella is lax, spongy, and fairly large, occupying about one- 
third of the diameter of the corallite cavity. These specimens closely 
resemble Duncan’s Astraea radiata var. intermedia, but have larger 
corallites; they are very near O. costata (Duncan), from which they 
differ by having thicker and fewer septa and a larger columella; 
O.antillarum differs by its somewhat smaller corallites; I discover 
no difference from O. insignis Duncan. 

14. ORBICELLA INTERMEDIA (Duncan). 
Plate 97, fig. 2. 
1863. Astrea radiata var. intermedia Duncan, Geol. Soc. London Quart. Journ., 
vol. 19, p. 421. 

Astraea radiata var. intermedia Duncan is, according to its original 
description, characterized by “having the third cycle of septa com- 
plete, and a little excess of vesicular endotheca. * * * The 
variety forms a link between the great astraeans of the Miocene of 
the Antilles and the existing Astraea radiata of the Caribbean Sea, 
Astraea antillarum being closely allied to it.” The type-specimen, 
No. 2943, Geological Society of London, is represented by plate 97, 
figure 2. The diameter of the corallites is about 5 mm., distance 
between corallites from 1 to 2mm. There are in places indications 


1 Geclog. Reichs. Mus. Leiden Sammil., ser. 2, vol. 2, pp. 32-33, 1901. 
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of small costae between the larger ones, similar to those of O. cavernosa 
var. endothecata, and there are a few quaternary septa. Columella 
rather small. 

I did not collect any specimen of this species in Antigua. The 
species to which I am applying the name O. canalis is very -nearly 
related and may eventually become a synonym. However, the 
primary and secondary septa are more nearly equal in 0. intermedia 
than in O. canalis. O. costata and O. insignis are both very similar 
to O. canalis. O. costata has more extended costae, and O. insignis 
has larger calices and, in comparison with the size of the calices, 
fewer septa. As suites of specimens adequate for a satisfactory 
study of variation are not available, at least temporarily, the three 
names, O. intermedia, O. costata, and O. insignis should be treated as 
valid. : 

Locality and geologic occurrence.—According to Duncan, ‘‘ From 
the upper Parian of Trinidad (Wall and Sawkins coll.), and the marl- 
formation [Antigua formation] of Antigua.’”’ The specimen repre- 
sented by plate 97, figure 2, is from Antigua. 


15. ORBICELLA GABBI, new species. 
Plate 108, figs. 1, la, 1b. 

Corallum massive; corallites very large, from 20 to 25 mm. in 
diameter, by far the largest corallites of any species of the genus 
known from the American Tertiary formations. Intercorallite areas 
narrow or as much as 4.5 mm., perhaps more, across. 

Septa very numerous, thin, crowded, 106 were counted in the 
corallite represented by plate 108, figure la. There are more than 5 
complete cycles. Septal grouping obvious, usually every other or 
every fourth septum reaches the columella, but in places there are 
seven or eight shorter septa, forming a group, between two long 
septa. 

Columella rather small, only about 2.5 mm. in diameter. Endo- 
thecal and exothecal dissepiments greatly developed, thin-walled. 

Locality.—Santo Domingo (Gabb Collection). 

Type.—Academy of Natural Sciences of Philadelphia. 

16. ORBICELLA IRRADIANS (Milne Edwards and Haime) Vaughan. 
Plate 97, figs. 3, 3a. 


1848. Phyllocoenia irradians Miunk Epwarps and Hatme, Comptes Rend., vol. 
27, p. 469. 

1860. Phyllocoenia irradians MitNE Epwarps and Hare, Hist. nat. Corall., 
VOM) pear. 

1868. Phyliocoenia wradians Reuss, K. K. Akad. Wissensch. Wien, Math.- 
Naturw. Cl., Denkschr., vol. 28, p. 156, pl. 10, figs. 5-7; pl. 11, figs. 1-3. 


This appears to be the species referred to by Fabiani in his “Il 


paleogene del Veneto’! as Heliastraea irradians Michelin. Michelin 
erroneously appled the name Astrea radiata’ to this species. 


'R. Univ. Padova Inst. geolog. mem., vol. 3, pp. 225, 230, 231, 1915. 
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Figures of Orbicella wradians and some notes on it are introduced 
here, because of the close resemblance of Orbicella tampiiensis to it. 
The beading of the costae in O. tampdensis appears coarser, and 
paliform lobes seem more specialized in O. irradians. 

Locality and geologic occurrence.—Milne Edwards and. Haime (1857) 
record it from Castel Gomberto and Chaine d’Hala (Sinde). Reuss? 
says it is the most abundant anthozoan of the Monte Grumi beds. 
He also records it from Castellaro, Monte Spiado, Monte del Carrioli, 
and Montecchio Maggiore.* D’Archiardi mentions it as occurring in 
what he designates as the Castel Gomberto, Montecchio Maggiore, 
and Monte Viale groups.‘ Fabiani refers Heliastraca irradians, by 
which I believe he means this species, to the Lutetian (Hocene) and 
to the Rupelian (middle Oligocene) of Castel Gomberto and San 
Giovanni Ilarione. The specimen in the United States National 
Museum (No. 164723) (see pl. 97, figs. 3, 3a), was received from 
Professor Parona of the University of Turin, and came from 
Monte Grumi di Castel Gomberto. Although apparently reported 
from the Lutetian Eocene of Veneto, it is most abundant in the 
Rupelian or middle Oligocene. Because of the close resemblance of 
Orbicella tampiensis to O. irradians, of the presence of Antiguastrea 
cellulosa in the “‘silex”’ bed at Tampa and of the presence at Tampa 
of species of Stylophora, Galazea, Endopachys, Goniopora, and Alveo- 
pora, all genera now extinct in the Atlantic Ocean, I believe that 
the fauna of the ‘‘silex”’ bed at Tampa surely is as old as upper 
Oligocene. 

‘The generic name Phyllocoenia, genotype P. irradians, is a syno- 
nym of Orbicella Dana. 


Genus SOLENASTREA Milne Edwards and Haime. 


1848. Solenastrea MILNE Epwarps and Harme, Compt. Rend., vol. 27, p. 494. 

1850. Solenastrea Mintnr Epwarps and Haine, British fossil corals, Introduc- 
tion, p. xl. 

1917. Solenastrea VAUGHAN, U.S. Geol. Survey Prof. Pap. 98-T, p. 371 


Type-s pecies.— Astrea turonensis Michelin. 
SOLENASTREA HYADES (Dana). 


1846. <A[straea| Orbicella hyades Dana, U. S. Expl. Exped. Zoophytes, p 212, 
pl. 10, fig. 15. 

1846. A[straea] Orbicella excelsa Dana, U. S. Expl. Exped. Zoophytes, p. 212, 
pl. 10, fig. 16. 

1902. Orbicella excelsa VeRRILL, Conn. Ac ad. Arts and Sci. Trans.,. vol. 11, p. 98, 
pl. 15, figs. 4, 4a, 4b. : 


1 Teon. Zoophytol., p. 58, pl. 12, fig. 4, 1212. 

2K. K. Akad. Wissensch. Wien, Math.-Natuwiss. Cl. Denkschr., vol. 28, p. 156, 1868. 

3 Idem, p. 135. 

4 Studio comparativo fra i coralli dei terreni ter ziari del Piemonte e dell’ Alpi Venete, p. 46, Pisa, 1868:. 
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1902. Solenastrea hyades VerRtLL, Conn. Acad. Arts and Sci. Trans., vol. 11, 
p. 104, pl. 15, figs. 5, 5a, 5b. 
1917. Solenastrea hyades Vauauan, U. 8. Geclogical Survey Prof. Paper 98-T 
pp. 372, 373, pl. 98, figs. 1, la, 2, 2a, 3. 


Professor Verrill has studied Dana’s types of Orbicella hyades in the 
collection of the Boston Society of Natural History, and gives the 
following description: * 


Calicles circular, or nearly so, mostly 3 to 3.5 mm. in diameter; borders generally 
distinctly elevated above the exotheca, often to the height of 0.5 tol mm. Younger 
and smaller calicles, 1.5 to 2.5 in diameter, are scattered between the full-grown 
ones. in the middle of the convex summit the calicles are so crowded that the walls 
are in contact, and here they often become angular by crowding, and when not in 
contact their edges may not be elevated. On other parts they may be separated by 
intervals of 2 or 3mm. or more. The walls are very thin. The costae are thickened 
and roughly minutely serrulate; they are very narrow and mostly confined to the 
wall, never extending across the exothecal spaces, when these occur. The surlace 
of the exotheca is smooth or vesicular; in sections the exotheca is openly vesicular. 

Septa 20 to 24, mostiy 24 in mature calicles; 12 extend to the columella; those of 
the third cycle are also wide, but thinner, and most of them bend toward and join 
the larger ones about midway between the wall and columella. The septa all become 
thin and curved toward the columella, but thickened at the wall; the summits are 
narrowed and rather prominent above the walls; inner edge irregularly and roughly 
serrulate, especially distally; sides roughly granulated. Paliform lobes small and 
thin. Columella usually rather small and loose; formed of small twisted processes 
from the inner edges of the septa, but variable in size. 

Thickness of the larger mass from St. Thomas, about 50 mm.; diameter 125 mm.; 
diameter of calicles, mostly 3 to 3.5 mm., rarely 4 mm. 

This species is found on the Florida Reefs and throughout the West Indies. It 
has not been found at the Bermudas. St. Thomas (coll. C. F. Hartt, Yale Mus.). 
In the American Museum, New York, there is a large turbinate mass, 12 to 14 inches 
in diameter and about 10 inches high, from Jamaica. 


The same author gives the following description of Orbicella 
eacelsa Dana: * 


Dana’s type of this species, in the Boston Society of Natural History, was carefully 
studied by me a number of years ago, and descriptions were made at that time. The 
type is apparently slightly beach-worn, but so little that the natural surface of the 
coenenchyma and costae, and the summits of the septa are well preserved in most 
parts, and there is no evidence of post-mortem alteration by infiltration to account 
for the solidity of the coenenchyma, referred to by Dana, and which is, indeed, 
quite remarkable in most parts. The coral is very solid and heavy as contrasted 
with O. annularis or Solenastraea hyades. 

A fragment, apparently of the same specimen, and which appears to have been 
used by Dana in describing the details, is preserved in the Museum of Yale University. 
From this the accompanying photograph has been made (pl. 15, fig. 4). The coral 
grows in irregular, often upright, lobed or gibbous masses, up to 100 to 150 mm. or 
more high, but when young it must be encrusting. No. 1729. 

The type-specimen is so strongly lobed that the lobules in some places look like 
incipient branches. But these may possibly be due to the coral growing over the 
tubes of invading bivalves or annelids, though none can be seen without sections. 


1Conn, Acad. Arts and Sci. Trans., vol. li, pp. 104, 105, 1902. 
2Tdem, vol. 11, pp. 98, 99, 1902. 
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The calicles are more closely crowded on the lobules, especiaily at the obtuse summits, 
where they become angular and are separated by thin walls and cellular exotheca. 
Elsewhere the calicles are nearly circular, scarcely elevated, and separated by 
exothecal spaces usually about equal to the radii of the calicles, but toward the base 
often equal to their diameters. The exotheca and walls are very solid in most parts. 

The 24 costae are subequal,-thickened, only slightly raised, faintly or almost micro- 
scopically granulated; those of adjacent calicles are usually separated at the surface 
by a slight intermediate groove, forming polygonal areas around the calicles. The 
exotheca is nearly level with the edges of the walls and costae, flat or slightly concave, 
minutely granulated or nearly smooth, sometimes slightly vesicular at the surface, 
but usually almost solid and blended with the costae and walls; near the tips costae 
unite and exotheca is cellular. 

In a transverse section, near the surface, the entire partition between the calicles 
may be perfectly solid, whether thick or thin, but in many cases one or two rows of 
small, rounded or crescent-shaped vesicles can be seen, and sometimes, close to the 
surface, vesicular dissepiments are visible between the small costae, while close to 
the basal margin of the coral the exotheca may be decidedly vesicular, appearing 
almost like miniature honeycomb in transverse sections. But this basal portion is 
formed by the thin, down-growing margin, where the new calicles are very short, 
oblique, and far apart, as in many other corals that have a thin, proliferous margin. 

The septa are generally 24, subequal, in three regular cycles; those of the first two 
cycles are nearly equal in height and thickness; those of the third cycle are thinner 
and narrower, and generally bend to the right and left in pairs to join the straight 
septa of the second cycle, usually at a point more than half way to the columella, and 
often very near it. The summits of all the septa are narrow and only slightly raised 
above the walls. The edges are irregularly serrulate, two to four of the basal teeth 
being the larger. The sides are distinctly granulated. The septa are all thin, but 
slightly thickened toward the wall, and all are narrowed above the base, so as to leave 
a cup-like calicular cavity.. The columella is small, trabecular, papillose, and often 
nearly wanting. In transverse sections of some calicles it is solid, and formed by the 
union of the inner edges of the septa, but in most it is small, porous, trabecular. 

Diameter of the calices 2.5 to 3 mm.; breadth of intercalicinal spaces, usually 1 to 2 
mm., sometimes 3 to 4 mm. or more, near the base. 

Origin uncertain, supposed to be West Indies. Several irregular gibbous masses 
of this species, 3 to 5 inches in thickness, in the American Museum, New York, were 
found near Osprey, West Florida, cast on the beach, after a storm, by R. P. Whit- 
field (No. 485). I have also seen specimens from Key West. 


Verrill keeps O. hyades and QO. eacelsa separate, with the remark, 
however, that ‘“‘they may eventually prove to be one species.”’ The 
differences between the two consist in the latter possessing a much 
more solid exotheca and more developed costae. There is in the 
United States National Museum a moderate suite of specimens from 
the living Florida reefs, and a large number of fossil specimens. I 
feel convinced that the two forms are only variations of the same 
species, as in the same specimen the exotheca may be solid or vesicular ; 
and the costae may be confined to the corallite pe1iphery or extend 
from the periphery of one corallite to that of the next. Although 
Professor Verrill’s descriptions are so comprehensive as to render a 
new one unnecessary, I should like to call attention to some features 
not considered in detail by him. The costae seen on the surface 


398 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


are not prolongations of the distal ends of the septa. They are only 
elevations on the exothecal surface corresponding in position with. 
the septa. The exotheca is usually built up of more or less horizontal 
platforms, which when closely applied one above another give rise 
to a compact, or even a solid exotheca; if the platforms are separated, 
the intervening spaces contain vesicular dissepiments. In some 
instances the exothecal surface is formed by thin-walled vesicles. 
The septal trabeculae are directed upward at a low angle, and have 
their courses indicated by rather small and crowded granulations. . 
The inner septal edges or trabeculae from the septal edges fuse to 
form a false columella. The septa usually are imperforate; however, 
in some instances perforations occur between the trabeculae near 
the columella, but never so abundantly as in Orbicella annularis. 

Localities and geologic occurrence.—Kecent specimens in the United 
States National Museum: Osprey and Caesars Creek, Florida, col- 
lected by T. Wayland Vaughan; southern Florida, collected by S. T. 
Walker; Caesars Creek, Florida, collected by Edw. Palmer; Cedar 
Keys, Florida, collected by Lieut. J. F. Moser, U.S. N.; reefs near 
Miami, Florida, collected by J. E. Benedict. 

Pleistocene, Miami oolite and Key Largo limestone, Florida, col- 
lected by T. W. Vaughan. 

In the Pliocene Caloosahatchee marl on Shell Creek and Caloosa- 
hatchee River, Florida, collected by numerous persons. 

In the Miocene La Cruz marl at stations 3440 and 3443, in the 
northeast part of Santiago, Cuba; station 3445, crossing over the 
railroad of the highway from Santiago to the Morro, collected by 
T. W. Vaughan. At one time I thought these Santiago specimens 
might come from a deposit of Pliocene age, but the other associated 
fossils indicate that this is another species of considerable geologic 
antiquity. A specimen from station 3451, Cienaga railroad station, 
near Habana, collected by T. W. Vaughan, seems to belong to this 


species. 
SOLENASTREA BOURNONI Milne Edwards and Haime. 

1850. Solenastrea bournonit Minne Kpwarps and Haims, Ann. Sci. nat., ser. 3, 
Zool... vol. 12, p. 121. 

1861. Cyphastrea oblita DucHassainc and MicneLort1, Mém. Corall. Antilles, 
p. 77 (of reprint). ; 

1861. Plesiastrea carpinetti DucHAssatneG and Micue.ottt1, Mém. Corall. Antilles, 
p. 77 (of reprint). 

1861. Solenastrea ellisti Ducuassaine and MicHeLotti, Mém. Corall. Antilles, 
p. 77 (of reprint). 

1861. Solenastrea micans DucHassaIne and Micnetoitt1, Mém. Corall. Antilles, 
p. 77 (of reprint), pl. 9, figs. 10. 11. 

1861. Leptastrea caribaea DucHAssAING amd MicuELiorri, Mém. Corall. Antilles, 
p. 78 (of reprint). 

1863. Plesiastraea distans DuNcAN, Geol. Soc. Londen Quart. Journ., vol. 20, p. 
37, pl. 4, figs. 4a, 4b. 
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1863. Plesiastraea globosa Duncan, Geol. Soc. London Quart. Journ., vol. 20, p. 
38, pl. 4, fig. 5. 

1917. Solenastrea bournont VauGHAN, U.S. Geol. Survey Prof. Paper 98-T, pp. 
372, 374, pl. 99; figs. 1, la, 1b,.2, 3, 3a; pl. 100, figs. 1, 2, 2a, 3, 3a, 3b. 

The following description is based on specimens from the Pliocene 
Caloosohatchee marl of Florida: 

Corallum forming spheroidal or dome-shaped masses, sometimes 
as much as a foot, or even more, in diameter; the outer surface 
uniformly rounded or with gibbosities. 

The succeeding portion of the description is based upon a single 
head-shaped specimen, 15.3 cm. tall; greater diameter 12.8 cm., 
lesser, 11 cm. 

The calices have very slightly elevated margins, and thin corallite 

walls. Diameter from 2 to 2.5 mm. Distance apart from 0.75 to 
about 2 mm.; usually about 1 mm., or half the diameter of the 
ealices. The depth of the calicular fossae can not be determined with 
certainty, as the specimen is worn; where it is best preserved they 
are shallow. The corallite walls externally are costate, a costa cor- 
responding to each septum; the costae, however, are short, those 
from one corallite not extending to those of the next. Between the 
corallites are thin-walled exothecal vesicles, which have a_ hori- 
zontally stratified arrangement. The outermost exothecal platform 
may show costal striations. 
_- The septa are thin, somewhat thicker at the wall; uniformly in 
three complete cycles; primaries and secondaries equal and reaching 
the columella; tertiaries only about half as long; thinner, inner 
margins free. Rather wide, thin pali occur before the first and 
second cycles. The septal faces are finely granulate, with the 
courses of the trabeculae indicated; no perforations could be dis- 
covered. Thin endothecal dissepiments present. Columella poorly 
developed, rather small and lax. 


VARIATION OF SOLENASTREA BOURNONI. 


The United States National Museum possesses very large suites of 
specimens of this species, permitting a rather satisfactory study of 
its variation. The specimen already described shows within itself 
the limits of variation in the size and distance from one another of 
the calices. About 2 mm. is the average calicular diameter. The 
exotheca may be very light and delicate, or rather compact, even 
almost solid. The septa vary in thickness and the pali may be 
strongly or weakly developed; where strongly developed they are 
triangular in shape, the base of the triangle directed outward, and 
the tertiaries may fuse to the basal corners or to the sides of the pali 
before the secondaries. The thickened pali are correlated with the 
denser exotheca, the various skeletal elements seem to thicken 
together. 
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Of the species described by Duchassaing and Michelotti, Cyphastrea 
oblita, Plesiastrea carpinetti, Solenastrea ellasi, Solenastrea macans, 
and Leptastrea caribea can confidently be placed in this synonymy. 

I examined in the Museum of Natural History in Turin a specimen 
labeled Cyphastrea obiita Duchassaing and Michelotti, but it is a 
small caliced corallum of Orbicella annularis (see p. 374 of this paper), 
and it does not accord with the original description of C. oblita, 
which is as follows: “Species rounded, with rounded calices, the 
margins of which are a little elevated; costae rare, almost confluent; 
the intercalicular areas are beset with granulations: columella, large 
and papillary.”’ 

In a note it is stated the septa of C. oblita bear small, subpaliform 
lobes. It seems to me more probable that the type is the specimen 
in the Muséum d’Histoire Naturelle, Paris, figured by me in United 
States Geological Survey Professional Paper 98—T, plate 99, figures 
3, 3a. 

The original description of P. carpinetti is as follows: ‘The form of 
the corallum is convex and lobed; the calices are small, and often 
slightly deformed with prominent margins, separated by distinct 
costae and vesicular tissue: the septa are finely denticulate and do 
not attain a length of one-third the radius of the calice because of 
the development of the pali. The last are thick, as strong as the- 
septa, when examined with a lens they appear covered with granu- 
lations; the columella is formed by papillae similarly granulate.” 

Solenastrea ellisii, according to Duchassaing and Michelotti, “has 
for a synonym the Astrea pleiades figured in the work of Ellis and 
Solander, Nos. 1 and 4 of plate 53.” There is a specimen, probably 
the type, in the Museum of Natural History at Turin, labeled Solen- 
astrea ellisti. It has small calices, 2 mm. in diameter, and three 
cycles of septa, the members of the last cycle are very small. 

The original description of Solenastrea micans is as follows: 
‘“Corallum orbicular, with crowded calices, circular, but often de- 
formed, diameter about a line [2 mm.]; their upper margin is free, 
projecting above the rest of the surface; the septa are very echinu- 
late and thicken outwardly; the columella is thick and vesiculate.” 
St. Thomas. 

The calices of the type are crowded; 2 to 3 mm. in diameter. 
Septa in two complete cycles, with a few tertiaries; primaries and 
secondaries of the same size 

The original description of Leptastrea caribaea is as follows: ‘Species 
globular, with calices almost contiguous, circular, margins elevated; 
columella simple, septa alternately smaller.” St. Thomas. 

Calices of the type, 2 to 2.5 mm. in diameter; margins slightly 
elevated. Septa of the last cycle rarely fused to the sides of the 
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secondaries; paliform lobes insignificant or absent. Columella with 
_papillate upper surface. 

Duncan’s Plesiastraea distans and P. globosa, from the silt of the 
sandstone plain of Santo Domingo, belong in the same synonymy. 
The types of both species are preserved in the collection of the 
Geological Society of London, where I have studied them. <A dupli- 
cate of the latter is in the United States National Museum. The 
difference between P. distans and P. globosa consists in the calices 
of tne former being one-half or more than one-half their diameter 
apart, while in the latter the distance between them is usually less 
than one-half this diameter. 

Cyphastrea hyades and C. bournon are closely related species. The 
calices of C. hyades, however, are constantly larger than those of 
C. bowrnom, and the tertiary septa, except in young coralla, con- 
stantly fuse to the sides of the secondaries. C. bournoni has smaller 
calices, and except when the pali are decidedly thickened, has the 
inner ends of the tertiary septa free. These differences are constant 
in the considerable suites of specimens that [ have been able to study. 

Localities and geologic occurrence.—Living at St. Thomas, Virgin 
islands, whence Duchassaing had a number of specimens. Tortugas, 
Florida, in water between 8 and 9 fathoms deep. 

Phocene, in the Caloosahatchee mar! of Florida, on Caloosahatchee 
River, collected by Frank Burns and others; and Shell Creek, 
Florida, collected by Frank Burns and by Doctor Griffith. 

Miocene, Rio Cana, Zone H, Santo Domingo, collected by Miss 
C. J. Maury in association with an invertebrate fauna of the age of 
the Bowden marl of Jamaica. 

Miocene, in the La Cruz marl, Santiago, Cuba, at stations 3436, 
3437, 3446, collected by T. W. Vaughan, in association with an 
invertebrate fauna closely related to, but probably a httle younger 
than that of the Bowden horizon. 


ANTIGUASTREA, new genus. 


Growth form massive; asexual reproduction by intercorallite 
budding; septal margins very obscurely dentate, subentire; coral. 
lites usually joined by thin costae; columella lamellar, usuaily well 
developed and prominent; exothecal and endothecal dissepiments 
highly developed. 

Ty pe-species.—Astraea cellulosa Duncan. 

This genus is near Orbicella, from which it differs by its more 
obscurely dentate septa and its lamellar columella. The costae 
between corallites are thin and in some instances disappear on the 
surface of the exothecal vesicles. 
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Reis: proposed the name /[feterastraea for the génus here named 
Antiguastrea; but, as R. F. Tomes had used Heterastraea for a genus 
of English Liassic corals in 1888,? Reis’s name can not stand. Reis’s 
account of the columella in his description of Heterastraea is contra- 
dictory. Regarding Heterastraca tenuilamellosa (Giimbel) Reis, he 
says, ‘zeigen ein verlangertes blattartiges bis papillé6ses Saéulchen.”’ 
The columella in that species, therefore, is lameilate. 

This genus of. corals is important in 1ts bearing on the correllation 
of American and European Tertiary formations. At the end of his 
table of the corals from the Reiter Schichten, Reis says: ? ‘Aus 
diesem Tabelle geht unzweifelhaft hervor, dass erstens die Reiter 
Korallenlager und die vom Hallthurm mit denen von Haering 
giinzlich stimmen, also keinen tieferem Horizont angehéren konnen 
und dass zweitens dieser Horizont sowohl durch Haeringer Schichten 
als auch durch die deutlichsten Beziehungen zu den unter- bis mittel 
oligociinen Korallenlagern des Vicentins als solcher festgesteilt ist.” 
Reis reports species of Heterastraea from Keit, Castelzomberto, and 
Crosara. 

There is in the United States National Museum (No. 155186) a 
specimen of Heterastraea michelottina (Catullo) Reis, received from 
Prof. K. A. von Zittel. This specimen has a distinct, short, thick, 
lamellar columella. It so closely resembles Antiguastrea cellulosa 
that specific distinction is difficult, perhaps even doubtful. /sastrea 
elegans Reuss is referable to Aniiguastrea. It is described after Anti- 
guastrea cellulosa (see p. 409, pl. 102, figs: 1, 1a). Astrea alveolaris 
Catullo * also belongs to Antiguastrea. Notes on it follow those on 


A. elegans. 
ANTIGUASTREA CELLULOSA (Duncan). 


9 


Plate 98, figs. 3, 3a, 4, 4a; plate 99, figs. 1, la, 2, 2a, 3, 3a; plate 100, figs. 1, 2, 3, 3a. 
4, 4a; plate 101, figs. 2, 2a. 


1863. Astraea cellulosa Duncan, Geol. Soc. London Quart. Journ., vol. 19, pp. 
417, 418, pl. 18, fig. 10. 

1863. Tsastraea turbinata DuNcaNn, Geol. Soc. London Quart. Journ., vol. 19, p. 
423, pl. 14, figs. la-Ic. 

1866. Heliastraea cellulosa DucHAssaING and Micuetottr, Sup. Mém. Corall. 
Antilles, p. 86 (of reprint). 

1866. Isastraea turbinata DucHassaina and Micuexorri, Sup. Mém. Corall. 
Antilles, p. 89 (of reprint). : 

1867. Heliastraea cellulosa Duncan, Geol. Soc. London Quart. Journ., vol. 24, p.24. 

1867. Isastraea turbinata, DUNCAN, Geol. Soc. London Quart. Journ., vol. 24, p. 25. 

1870. Heliastraea cellulosa Ducuassatne, Rev. Zooph. et Spong. Antilles, p. 30. 


1 Korallen der Reiter Schichten, Bayerisch. geognost. Landesuntersuch, geognost. Jahreshefte, Jahrg. 2, 
pp. 150-152, 1889. 

= Geol. Mag., Dec. 3, vol. 5, pp. 207-218, pl. 7, 1888. 

3 Korallen der Reiter Schichten, p. 04. 

4 Dei terreni di Sedimento superiore delle Venezie, e dei fossili byrozoari, antozoari, e spongiari. ai quail 
dannoricetto, p. 5!, pl. 11, fig. 1. Padova, 1856. 
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1870. Isastraea turbinata DucHAssaiInG, Rev. Zooph. et Spong. Antilles, p. 31. 

1902. Orbicella cellulosa VAUGHAN, Geol. Soc. London Quart. Journ., vol. 52, p. 497. 

1915. Orbicella cellulosa VAUGHAN, Carnegie Inst. Washington Yearbook, No. 
13, p. 360. 

Original descripiion. —‘Corallum tall, and, judging from the dis- 
position of the corallites, subplane above. Corallites very numerous, 
tall, slender, crowded, but distinct; usually cylindrical, but some- 
times more or less prismatic from mutual pressure; varying in size. 
The transverse section of the corallites is generally circular, now and 
then deformed. Septa, crowded, linear; the primary are the largest, 
but often the secondary are nearly as large. The primary septa are 
of nearly the same thickness at the wall and throughout. There are 
six systems of four cycles; in imperfectly developed systems the 
fourth cycle is wanting, but the persistence of this cycle throughout 
all the systems is very generally decided. The fourth and fifth 
orders are very small, and when there are only three cycles, the third 
order is small; the septa are generally straight. Columella small and 
slightly developed. The wall appears to be stout. Costae attached 
to every septum, subequal, and not very greatly developed. Endo- 
theca vesicular, greatly developed. There are often four dissepi- 
ments dividing each interseptal space. Exotheca cellular and highly 
developed; exothecal cells small, more rectangular and larger than 
the endothecal cells. The reproduction is by extracalicular gemma- 
tion; the smalJest buds visible have three perfect cycles of septa. 

“From the Conglomerate of Antigua. Coll. Geol. Soc. 

‘“ Dimensions.—Height of corallum several inches. Diameter of 
corallites from 1-2 lines |2 to 4.2 mm.].”’ 

The type of the species was examined in the collections of the 
Geological Society of London, and the identification of the specimens 
-I am referring to it was verified. 

As this is an enormously variable species further discussion of it 
should begin with a clear statement of the characters of the typical 
form. These may be summarized as follows: Calices 2 to 4.2 mm. in 
diameter, crowded, but distinct; costae subequal, not greatly devel- 
oped; wall stout. Septain four cycles, primaries the largest and of the 
same thickness throughout; secondaries almost as large as the pri- 
maries; tertiaries and quaternaries smaller according to cycle. Colu- 
mella said to be small and slightly developed. Endotheca and exo- 
theca greatly developed. Plate 98, figures 3, 3a illustrate a typical 
specimen, which completely satisfies the requirements of Duncan’s 
description, except that close inspection shows a small, well-developed, 
lamellate columella. Plate 100, figures 1, 2, are reproduced from 
photographs of thin sections of specimens and show the lamellar 
columella. 

The first variant to be considered is represented by plate 99, figures 
1, la. The corallites have free limbs as much as 1.25 mm. tall, and 
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are separated by intercorallite areas usually about 1 mm. wide, range 
in width from 0.5 to 1.5 mm. The walls are thick; costae slightly 
developed, thin. Calicular diameter from 3 to 5 mm. Septa in 4 
complete cycles; 6 thick primaries which reach the columella; sec- 
ondaries stout, but thinner than primaries, reach to or almost to the 
angle formed at the inner ends of the adjacent primaries; tertiaries 
thin, their inner ends project just beyond a peripheral zone of dissepi- 
ments; quaternaries small and thin, their inner ends barely reach the 
inner side of the dissepimental zone. Columella a compressed axial 
tubercle or an axial lameila. Kndotheca and exotheca well devel- 
oped. This specimen, which differs only shghtly from the typical 
form of the species, represents the extreme of variation in one 
direction. 

One line of variation from the typical form of the species is by 
increase in the size of the calices, diameter from 7 to 9 mm., with 
consequent greater development of the higher cycles of septa, and 
the development of thin corallite walls which are separated by inter- 
spaces from 1 to 2 mm. wide. The intergradation between speci- 
mens with the large and small calices and thick and thin walled 
corallites is complete; in fact, the variations may be found on the 
same specimen. These larger calicled specimens belong to what 
Duncan designated var. curvata. 

Specimens showing the variations so far discussed occur in Antigua 
at the southwestern foot of the limestone hills from Willoughby Bay 
practically to the intersection of the hills with the sea near Wetherell 
Point. 

Other lines of variation may best be presented by describing a 
series of specially selected specimens. 

Specumen No. 1, from Station 6866, opposite the Cathedral, St. John, 
Antigua (pl. 99, figs. 2, 2a).—Corallum broken on the base; 66 mm. 
long, 50 mm. wide, 34 mm. tall. There is one tuberose protuberance. 

Corallites separated by narrow intercorallite areas, only 0.25 mm. 
wide, or by areas which range up to 3.5 mm. across, measured between 
the peripheries of neighboring calices. Where the calices are sepa- 
rated the intercorallite areas are depressed and are crossed by thin 
costae, which are confluent where they can be clearly seen, but in 
other areas they may alternate; about 15 costae to 5 mm., or the dis- 
tance between summits of adjacent costae is about 0.3 mm.; the inter- 
spaces decidedly wider than the thickness of the costae. 

The following table gives the size of eight calices. 


Measurements in millimeters of calices of Antiguastrea ceilulosa. 


| 
1 28. :0k3 4 Bid | AUG 7 | 8 
| | | 
Greateridiamoten).. 266 sods dees 2c 10:,75.| . .9425.1..1.9 9. 25 | Bas f| fees 
Messeridiametere.-cesccccecetocceee ce 10.00] 9.25 7.5 6.00 | 4 6. 00 5 | 4.5 
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About half the calices on this specimen are 9 or more mm. iong. 
The large calices are usually separated by narrow intercorallite areas, 
while most of the smaller calices are distant from 1.25 up to as much 
as 3.65 mm. The large calices are excavated, while the smaller are 
shallow and are tumid around their peripheries. 

Septa thin, normally in four complete cycles; in some calices qui- 
nariés are present in afew quarter systems. The primaries are usually 
somewhat thicker, in a few calices conspicuously thicker than the 
members of the higher cycles, and extend to the columella; the sec- 
ondaries also extend to the columella. The tertiaries may fuse to 
the secondaries near the columella; and the quaternaries may fuse 
to the tertiaries about halfway between the calicular periphery and 
the columella, or the inner septal ends may be free. Septal grouping 
not conspicuous. Septal margins with fine dentations, about 7 in 
1.25 mm.; that is, a little less than 0.2 mm. from the top of one 
dentation-to that of the next. 

Columelia small, in some calices represented by an axial lamella. 
The variant represented by this specimen is abundant about three- 
quarters of a mile south of the Cathedral in St. John, on the south- 
west side of the Otto estate, where I obtained 11 specimens. 

Specimen No. 2, also from Station 6866, St. John, Antigua (pl. 99, 
figs. 3, 3a).—The corallum is of tuberose shape and has a maximum 
length of about 75 mm. 

This specimen resembles in its characters that part of specimen 
No. 1 where the corallites and calices are smaller and more distant. 
The calices are-tumid around their peripheries and are shallow. The 
usual calicular diameter, measured between the tops of the septal 
arches, is from 4.5 to5 mm.; distance between calices, about 2.5 mm. 

Other characters need not be described, except to say that the 
columella is either a compressed papilla or a short lamella. 

Specimen No. 3, from Station 6856, Friars Hill, Antigua (pl. 100, 
figs. 3, 3a).—The corallum of this specimen is 85 mm. long, 70 mm. 
wide, about 75 mm. tall, and has a more or less tuberose form of 
erowth. 

The fully developed calices are 5 to 6 mm. in diameter, and are 
usually about 2 mm. apart, with depressed intercorallite areas, and 
slightly raised calicular rims, which project as much as 0.75 mm. 
The free part of the corallites in places rises perpendicularly above 
the intercorallite areas, but in other places the calicular peripheries 
are rounded in profile. 

Septa in four complete cycles, with a few quinaries in some calices; 
primaries the thickest; secondaries nearly as thick as the primaries; 
tertiaries considerably thinner; quaternaries the thinnest, unless 
quinaries are present. ‘There is grouping of the highest cycles around 
the secondaries, but it is not very striking. 
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Columella variable in development, represented by an axial 
papilla or by a distinct axial lamella. 

Other specumens from Station 6866, St. John, Antigua.—There 
are in addition to those already described, from station 6866, 
two large specimens and fragments representing three others. The 
largest is 13 by 14 cm. in diameter and about 9 cm. tall. The calic- 
ular and septal characters are similar to those of specimen No. 2 of- 
the foregoing descriptions. The primary septa in many calices are 
decidedly thick, the thickness of the other septa decreasing according 
to cycle. The columella, although it appears to be derived from the 
septa, is an axial lamella and in many cycles is decidedly thick. 

The specimens described in the foregoing remarks are the ones that 
have given me the most trouble in identification. They grade directly 
into typical specimens, such as the one on which Duncan based his 
original description, and those described on Page: 403, 404 of the 
present discussion. 

The following is Duncan’s original Hederition of Isasiraea iurbinata: 

Corallum 7 inches high, subplane and irregularly convex above, broad and gibbous 
at the sides, small and conical at the base, whence the corallites radiate; upper surface 
ridged with the elevated margins of more or less polygonal, close calices. Corallites 
very long, slender, and prismatic, excessively crowded. Walls united, simple 
throughout. Calices very numerous, irregularly pentagonal, not deep, and not packed 
geometrically. Margins existing as sharp ridges, not marked by the septa, but faintly 
ragged; united, crowded, not deep. Septa small, not exsert, not arched, but slanting 
irregularly downwards and inwards, except the primary, which stand up in the fossa, 
and are easily seen. They are laminar, delicate, and crowded, slightly toothed near 
the internal end, ragged above, and granular on the sides. The primary septa some- 
times meet by their inner ends; the secondary and tertiary are subequal when there 
are others. They are disposed in six systems. In fully developed calices there are 
four cycles in four systems and three in the rest; in other calices three cycles with an 
occasional fourth order. The fourth cycleis very small. Septastraight, not crenulate, 
but slightly ragged; no external spines. Endotheca tolerably developed. From the 
condition of the base, which has been rolled, no epitheca can he seen. Reproduction 
by submarginal (close to the wall) gemmation. Diameter of the calices from 2 lines 
to 33 lines [4.2 to 7.3 mm.]. (From the Chert formation of Antigua Coll. Geol. Soc.) 


A specimen that agrees with Duncan’s descriptions and figures is 
represented by plate 100, figures 4, 4a. This coral puzzled me for 
some time but it is almost typical Aniiguasirea cellulosa, in which 
the intercorallite tissues have been mineralogically changed so as to 
present the appearance of solid intercorallite walls; however, in a few 
places the calicular edges persist, showing separate calicular margins 
between which is a lower intercorallite area crossed by thin costae. 
The septal and columellar characters are precisely as in A. cellulosa. 
I failed to find Duncan’s type of Jsastraea iurbinaia in London, but 
Iam convinced that it is a specimen of Anitguasirea cellulosa in arid: 
the intercorallite tissues are solidified by secondary mineral changes. 

Localities and geologic oceurrence.—This is one of the commonest 
corals in the Antigua formation of Antigua, where I collected and 
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brought to Washington about 100 specimens. A list of the stations 
at which collected would be almost a list of the exposures of the 
Antigua formation examined. In Cuba, at station 7508, Ocujal 
Spring, altitude 200 feet a. t., near Guantanamo, collected by 
O. E. Meinzer. In Porto Rico, zone ©, near Lares, collected by Bela 
Hubbard, of the New Academy Porto Rican Explorations. Serro 
Colorado, Arube, Dutch West Indies. 

As a slight variant from the typical form, it is common in the base 
of the Chattahoochee formation along Flint River, near Bainbridge, 
Decatur County, Georgia, and it is well represented in the silex bed 
of the Tampa formation at Tampa, Florida. 

I¢ is also found in Anguilla, where I collected a single specimen at 
station 6893, on the south side of Crocus Bay. 

In the State of Tamaulipas, Mexico, at the following localities: 
One mile east of Salitre; Cerro del Aire, 7 miles southeast of Refugio; 
1 mile east of San José de las Rusias; hill 4 miles east of San Rafael 
(specimens submitted by Mr. EK. T. Dumble). 

A specimen sent to the United States National Museum by Mr. 
Philip Crutcher is reputed to come from Vicksburg, Mississippi; 
subsequently collected by O. B. Hopkins at station 7463 in the Byram 
calcareous marl, 44 miles south of Vicksburg, Mississippi. 

In general, the species is abundant in hie] three formations men- 
tioned, and is important in indicating an Oligocene horizon. It has 
not yet been found in deposits younger than those of Tampa age. 

Prof. K. Martin, director of the Geologisch-Reichs Museum, 
Leiden, submitted to me for determination some material from 
Serro Colorado, Arube, that I referred to Orbicella tenuis (Duncan), 
supposing at the time that Duncan’s Asiraea tenuis belonged to the 
genus Orbicella.1. Subsequent study of additional collections has 
shown that Duncan’s Astraea tenuis is in reality a fungid coral. The 
following are the notes I published on the Arube specimens in the 
paper referred to in the footnote: 

The corallites are long; are close together, only a millimeter apart, and usually 
are not round because of having been deformed by mutual pressure; the diameter 
of the corallites is from 4 to 5 mm. The septa are thin, and crowded; the usual 
arrangement being four complete cycles. The members of the first and second cycles 
reach the columella; those of the third cycle are not so long; and those of the fourth 
are still shorter. The members of the first and second cycles are of about the same 
thickness, no constant difference in thickness according to cycles is discernible. 
There is no marked difference in the thickness of any of the septa at the wall. The 
members of the third and fourth cycles are slightly thinner. Endotheca is well devel- 
oped. The exotheca has been destroyed in the process of fossilization. The columella 
is poorly developed, being formed by the loose fusion of the principal septa in the 
axial space. 

I also pointed out in the paper cited the close resemblance of 
the specimens described to “‘Orbicella”’ cellulosa (Duncan). I have 


1 Geolog. Reichs Mus. Leiden Samml., ser. 2, vol. 2, p. 33, 1901. 
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carefully restudied the specimens, and, as I can find only dissepi- 
mental endo- and exotheca, they can not be identified as Duncan’s 
Astraea tenuis. Because of silification and changes due to fossiliza- 
tion the columellar characters are obscured, but it is possible to 
recognize the presence of a lamellar columella. The species, there- 
fore, is definitely Antiguastrea cellulosa (Duncan). 


ANTIGUASTREA CELLULOSA var. CURVATA (Duncan) 
Plate 98, figs. 4, 4a. 


1863. Astraea cellulosa var. curvata Duncan, Geol. Soc. London Quart. Journ., 
vol. 19, p. 418. 

Original description.—‘‘Corallites slender, long, close, sometimes 
compressed; circular in transverse section, except when compressed. 
Walls thin and delicate. Costae delicate, unequal, narrow at the 
base, tapering externally. Septa well developed, in six systems of 
four complete cycles. The primary septa are large, toothed on either 
side, not larger at any one point than at another. The secondary 
septa are smaller than the primary, and have a tooth near the 
columella. The tertiary are smaller than the secondary, vary much 
in size, often extend nearly up to the columella, and curve there 
towards the latter; they have lateral teeth, and a larger tooth at the 
end; or they reach only halfway, being either straight or curved. 
The quaternary septa have wedge-shaped bases and spike-like pro- 
longations, extend one-quarter the distance to the columella, and 
sometimes curve towards the tertiary. Columella lax and parietal. 
Endotheca greatly developed, subdividing the septal loculi by 
transverse bars. Exotheca distinct, cells small. 

‘‘ Dimensions.—Diameter of the corallites one-fifth inch [5 mm.]; a 
bud 1 line [2 mm.] in diameter has three-cycles. 

‘“‘Chert-formation of Antugua. Coll. Geol. Soc. As a rule, this 
variety is curiously fossilized.” 

Plesiotype.—U.S.N.M. No. 324923 (pl. 98, fig. 4, 4a). This is 
actually more abundant in Antigua than the typical examples of the 
species. I doubt the presence of teeth on the primary and secondary 
septa. The appearance of their being present is probably due to 
changes resulting from fossilization. 


ANTIGUASTREA CELLULOSA var. SILICENSIS, new variety. 


Plate 101, figs. 1, la. 


The two distinctive characters of this variety are, (1) the flat or 
domed upper surface; (2) the rather large calices, which are occa- 
sionally only 4 mm. in diameter, but usually 5 to 6.5 mm., sometimes 
the diameter may be as much as 11.5 mm. when the fifth cycle of 
septa is nearly complete. 

Localities and geologic occurrence.—Basal part of the Chattahoochee 
formation, Blue Springs, Flint River, 4 miles below Bainbridge, and 
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Hales Landing, Flint River, about 7 miles below Bainbridge, Ga.; 
‘“‘silex’”’? bed of the Tampa formation. Specimens obtained about 
three-quarters of a mile south of the Cathedral St. John, Antigua, 
and at station 6893, Crocus Bay, Anguilla, and one specimen from 
hill 4 miles south of San Rafael, Tamaulipas, Mexico, are referable to 
this variety. 

Type.—No. 324936, U.S.N.M. 


ANTIGUASTREA ELEGANS (Reuss) Vaughan. 
Plate 102, figs. 1, la. 


1874. Isastraea elegans Reuss, K. K. Akad. Wiss. Wien, Math.-Naturwiss. Cl., 
Denkschr.,vol. 33, p. 36, pl. 53, figs. 3-5. 
1915. Isastraea elegans FABIAN, R. Univ. Padova Inst. geolog. mem., vol. 3, p. 230, 

Illustrations of and a few notes on this species are introduced for 
purposes of comparison with Antiguastrea cellulosa. The illustra- 
tions exhibit the calicular characters so well that a detailed descrip- 
tion is not necessary. Specific distinction between it and A. cellu- 
losa is exceedingly doubtful. 

Localities and geologic occurrence.—Reuss originally described 
TIsastraea elegans from Fontana della Bova di San Lorenzo, the locality 
at which the specimen here figured was obtained. Fabiani lists it as 
Rupelian Oligocene. 

Plesiotype.—No. 156898, U.S.N.M.; specimen received in exchange 
from Prof. J. Felix of the University of Leipzig. 


ANTIGUASTREA ALVEOLARIS (Catulle) Vaughan. 


1856. Astrea alveolaris CaATULLO, Terr. sed. sup. Venezie, p. 54, pl. 11, fig. 1. 

1874. Phyllangia alveolaris Reuss, K. K. Akad. Wiss. Wien, Math.-Naturwiss. 
Cl., Denkschr., vol. 33, p. 32, pl. 52, figs. la, 1b. 

1868. Phyllangia alveolaris D’Acutarpi, Stud. comparat. corall. terr. terz. Pie- 
monte e Alpi Veneto, p. 20. 

1915. Phytlangia alveolaris Faprant, R. Univ. Padova Inst. geolog. mem., vol. 3, 
p. 231. 

This coral is not aspecies of Phyllangia, the type-species of which is 
Phyllangia americana Milne Edwards and Haime,! from Florida and 
the West Indies. I dredged a particularly fine example of P. ameri- 
cana in water between 15 and 16 fathoms deep in Rebecca Channel, 
Florida, between Tortugas and Rebecca Light. The columella is 
composed of curled, flaky processes from the inner ends of the 
principal septa. The margins of the largest septa are faintly dentate, 
while on the septal faces there are small, sharp, distinct ridges with 
geranulations along their courses. 

Reuss’s figures of an enlargement of the calices of Phyllangia 
alveolaris represent the columella as bluntly styliform. He says 
however, ‘Die rudimentire Axe besteht nur aus 1-3 Ofters etwas 


1 Brit. foss. corals, Introduction, p. 44, 1850. 
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verlingerten Papillen.” There are two specimens in the United 
States National Museum, as follows: (1) No. 156910 from Fontana 
della Bova di San Lorenzo, received from Prof. J. Felix; (2) No. 
164726, from Monte Grumi, received from Professor Parona of the 
University of Turin. I believe there is no doubt as to the correctness 
of the identification of these specimens. The columella in both is 
lamellate; in No. 156918 a relatively thick, coarse lamella; in No. 
164726 it is small and thinner but distinct. Asirea alveolaris Catullo, 
therefore, belongs to the genus Aniiguasirea, and it closely resembles 
those variants of A. cellulosa, in which the calices are somewhat ele- 
vated and relatively remote one from another. Compare especially 
with the description of specimen No. 2 on page 405 of this paper. 

Localities and geologic occurrence.—Catullo originally described the 
species from ‘‘Gambuglano nel Vicentino;”’ d’Achiardi records it 
from Dego, Torricelle, Castelzomberto, Monte Viale, Montecchio 
Maggiore, Crosara, and Veronese; Reuss cites it from Monte di 
Carlotta; the United States National Museum has it from Fontana 
della Bova di San Lorenzo and from Monte Grumi. Fabiani lists 
the species as of only Rupelian Oligocene age. 


Genus STYLANGIA Reuss. 


1874. Stylangia Reuss, K. K. Akad. Wiss. Wien, Math.-Naturwiss. Cl., Denkschr., 
vol. 33, p. 11. 


Type-species.—Siylangia elegans Reuss (K. K. Akad. Wiss. Wien, 
Math-Naturwiss Cl., Denkschr., vol. 33, 1874, p. 11, pl. 42, figs. 1, 1a), 
from San Giovanni Ilarione. Horizon, Lutetian Eocene according to 
Fabiani.! 

The species of coral next to be described does not precisely fit into 
any of the genera known to me. It has the general aspect of Anti- 
guastrea alveolaris (Cat.) Vaughan, and as it has a compressed styloid 
ar very narrow-lamellate columella, it appeared referable to Ant- 
guastrea, but the columella is really more in the nature of a com- 
pressed style than a lamella. I should have no hesitancy in referring 
the species to Stylangia, if it were not for the very distinctly developed 
pali. However, as pali in this group of corals are usually not of ge- 
neric value I am placing the species in Stylangia. 


STYLANGIA PANAMENSIS, new species. 
Plate 86, figs. 1, la. 


The following is a description of the type, the only specimen of 
the species well enough preserved to show clearly the specific charac- 
ters: 

Corallum, a small mass, 29 mm. long and 26 mm. wide. 

Corallites protuberant from 1.5 up to 3.5 mm., distance between 
the calicular margins from 2 to 4.5 mm. The diameter at the calice 


1R. Univ. Padova Inst. geolog. mem., vol. 3, p. 226, 1915. 
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of a corallite about 3 mm. tall is about 4 mm., at its base about 5 
mm., showing that although the diameter at the base of the free 
corallite limbs is greater than it is at the calice, the increase in diame- 
ter toward the base is rather slight. The costae on the free limbs 
are low, subequal, closely crowded, between 40 and 48 in number, 
letacly thick, as thick as or fincker than the intercostal furrows, 
and closely beaded along the edges. The walls are thick. 

Septa, 3 complete cycles and a variable number of quaternaries. 
The 6 primaries are larger than the other septa, extend to the colu- 
mella, and bear paliform thickenings which are decidedly prominent 
in those calices where they have been preserved; the secondaries are 
somewhat shorter than the primaries; the tertiaries still shorter; and 
the quaternaries, which may be completely developed in some sys- 
tems, are still smaller; in some systems in many calices the quater- 
naries are not distinguishable within the calices, but are represented 
by small costae. 

Columella, a narrow, compressed style. 

Endotheca and exotheca, details of their character not clear in 
the type. 

Locality and geologic occurrence.—Canal Zone, station 6016, in the 
Emperador limestone, quarry, Empire, collected by T. W. Vaughan 
and D. F. MacDonald. 

Type.—Cat. No. 324955, U.S.N.M. 


Genus SEPTASTREA d’Orbigny. 


1849. Septastrea D’ORBIaNy, Notes sur Polyp., p. 9. 

1849. Septastrea Mi.nz Epwarps and Haime, Ann. Sci. nat., ser. 3, Zool., vol: 
12, p. 163. 

1857. Septastraea M1tNE Epwarps and Haimg, Hist. nat. Corall., vol. 2, p. 449. 

18—. Septastraea (part) DE FRoMENTEL, Intr. Etude Polyp. foss., p. 174. 

1884. Septastraea (part) Duncan, Linn. Soc. London Journ., Zoology, vol. 18, 


p. 103. 

1887. Glyphastraea Duncan, Geol. Soc. London Quart. Journ., vol. 43, pp. 24-32 
pls. 1-3. 

_ 1888. Septastraea HinpE, Geol. Soc. London Quatre Journ., vol. 44, pp. 200-227, 
pl. 9. 


1900. Septastraea GANE, U.S. Nat. Mus., Proc. vol. 22, p. 194. 
1904. Septastrea VauGHAN, Maryland Geological Survey Miocene, p. 444. 


Lype-species.—Septastrea subramosa d’Orbigny, 1849=S. forbesr 
Milne Edwards and Haime, 1849 = Astrea marylandica Conrad, 1841 = 
Septastrea marylandica (Conrad) Vaughan, 1904. 


SEPTASTREA MATSON], new species. 
Plate 86, figs. 6, 6a. 


Corallum imcrusting surfaces of shells. The type incrusts part of 
the surface of a Turritella shell. It is probable that the fully grown 
corallum may be massive or ramose. 
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Calices irregular in form, subpolygonal or more or less elliptical in 
outline; slightly excavated. Diameter from 3 to 4.5 mm.; depth 
about 1mm. Intervening walls narrow, acute. 

Septa in two complete cycles. The primaries are rather thick and 
reach the calicular center; in fully developed catices all or nearly all 
of the secondaries also extend to the center, tertiary septa absent or 
very rudimentary. Margins not exsert; within the calices straight 
or slightly concave upward. There are no recognizable dentations. 
but on the septal edges and faces there are many rather large granu- 
lations. Interseptal 'oculi wide and open. 

Columella false, formed by the fusion of the thickened inner ends 
of the principal septa. There are no trabecular septal processes. 

Asexual reproduction by intercorallite budding. 

Locality and geologic occurrence.—Republic of Colombia, station 
7873, Gatun formation, about 0.5 km. west of Usiacuri, collected by 
G. C. Matson. 

Type.—No. 324956, U.S.N.M. 

Septastrea matsoni closely resembles young coralla of S. mary- 
landica (Conrad) Vaughan, from the St. Marys and Yorktown forma- 
tions in Virginia.’ It is interesting to find im Colombia a species of 
Septastrea that is doubtfully distinguishable from a species in the 
Miocene of Virginia. The fossiliferous marl that almost surrounds 
Usiacuri appears to be the same formation as the Gatun formation, or 
to be a part of the Gatun formation. Although the evidence sup- 
plied by this coral is not great, it is at least indicative of the late 
Miocene age of a part if not all of the Gatun formation. 


Family FAVIIDAE Gregory. 
Genus FAVIA Oken. 


1815. Favia Oxen, Lehrb. Naturgesch., Th. 3, Abth. 1, p. 67. 

1857. Favia Mitne Epwarps and Hare, Hist. nat. Corall, vol. 2, p. 426. 
1902. Favia Verriti, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 88. 
1917. Favia VauGHAN, Carnegie Inst. Washington Pub. 213, p. 100. 


Type-species.-— Madrepora fragum Esper. 
FAVIA FRAGUM (Esper). 


1795. Madrepora fragum EspER, Pfianzenth., Fortsetz., p. 79., pl. 64, figs. 1, 2. 

1901. Favia fragum VauGHAN, Geol. Reichs Mus. Leiden Samml., ser. 2, vol. 2, p. 
34 (with synonomy). 

1901. Favia fragum VaucHan, U.S. Fish Com. Bull. for 1900, vol. 2, p. 303, pl. 3. 

1902. Favia fragum VeERRILL, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 90, 
ples; figs: 152. 

1915. Favia fragum VaucHAN, Washington Acad. Sci. Journ., vol. 5, p. 596. 

1916. Favia fragum VAUGHAN, Carnegie Inst. Washington Yearbook No. 14, pp. 
224, 227. 


1 See Vaughan, T. W., Anthozoa, Maryland Geol. Survey, Miocene, pp. 444-447, pl. 126, figs. la, 1b, 2; 
pl. 127, figs. 1-3; pl. 128, figs. 1, 2; pl. 129, 1904. 
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This species is common in Pleistocene deposits near Colon, Canal 
Zone. 

Localities and geologic occurrence.—Canal Zone stations 5850 and 
6037; Pleistocene, Mount Hope, collected by D. F. MacDonald. 
Throughout the West Indies, ia Florida, and on the Atlantic side of 
Central America, where there are elevated Pleistocene reefs. Now 
living throughout the same area, in the Bermudas, the Azores (Quelch), 
and St. Vincent (collected by Mr. Cyril Crossland, specimens do- 
nated. to the United States National Museum by Prof. J. Stanley 
Gardiner). 

FAVIA MACDONALDI, new species. 
Plate 102, fig. 2; plate 103, fig. 1. 


Corallum massive, with a rounded upper surface (for general 
aspect of the upper surface (see pl. 102, fig. 2). 

Calices large, oblong, elliptical or subquadrangular in outline; sepa- 
rated by intercorallite areas from 2 to 5mm. across. Cavities slightly 
excavated. Wall's thin on the upper edge, in places entirely composed 
of dissepiments; deeper down fairly thick. 


Measurements, in millimeters, of calices of Favia macdonaldi. 


Caliceeenietesssces Sos e eee ee aie ie 
9 


The number of septa in calice No. 4 of the table is about 38, of which 
12 or 13 extend to the columella. A few rudimentary septa may have 
been broken so as not to be distinguishable now. In calice No. 5, 
36 septa were counted, of which about 12 extend to the columella. 
On a polished cross section, in which every septum is clearly visible, 
there are 31 septa in a corallite having calicular diameters of 12.5 
and 8.5 mm.; of the septa about 12 reach the columella—that is, usu- 
ally every alternate or every third septum extends to the columella. 
In the calice the septa are thin and distant, but deeper down they are 
rather thick. The inner ends of the long septa are slightly thickened, 
suggesting that paliform lobes were present. 

Costae correspond to all septa, greatly developed, long; those 
from one corallite extending to meet those from the adjacent corallite; 
members of the different cycles subequal in thickness; thicker in the 
wall, gradually thinning distally. 

Columella composed of the fused inner ends of the septa; fairly 
well developed; some papillae on upper surface. 

Thin endothecal and exothecal dissepiments well developed. 

No clear instance of asexual reproduction was observed, but that 
it is by fission seems an inference warranted by the configuration of 
the corallites. 
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Locality and geologic occurrence.—Station 6587, in limestone and 
iron bearing sandstone, Tonosi, Panama, collected by D. F. Mac- 
donald. This deposit is of Oligocene age (for fuller discussion, see 
pages 207, 555, 582). Station 6881, Antigua formation, Willoughby 
Bay, Antigua, collected by T. W. Vaughan. 

Type.—Cat. No. 324993, U.S.N.M. 

The only American fossil species at all nearly related to Favia 
macdonaldi is one from the Oligocene or Miocene of Santo Domingo, 
not yet described in print. It has smaller corallites and relatively 
more numerous septa than F. macdonaldi. These two species are Indo- 
Pacific in their affinities, there being no nearly related species in 
the Atlantic Ocean, with the possible exception of F. leptophylla 
Verrill, of which I have no specimen for comparison. It gives me 
pleasure to attach the name of Doctor Macdonald to this really 
handsome species of coral, which was discovered by him, 


Genus FAVITES Link. 


1807. Favites Link, Beschreib. Nat. Samml!. Rostock, pt. 3, p. 162. 

1901. Favites VaucHan, Geolog. Reichs Mus. Leiden Samml., ser. 2, vol. 2, p. 21. 
1902. Favites VERRILL, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 92. 

1917. Favites VaucHan, Carnegie Inst. Washington Pub. 213, p. 109. 


Type-species.— Madrepora abdita Ellis and Solander. 


FAVITES MEXICANA, new species. 


Plate 103, figs. 2, 2a. 


Corallum massive, with more or less rounded or flattish upper 
surface. Type a small broken specimen, 54 by 61 mm. in horizontal 
diameter and 27 mm. thick. 

Corallites polygonal, separated by narrow intercorallite walls which 
are barely 0.5 mm. thick. Diameter of corallites as follows: 


Diameter, in millimeters, of corallites of Favites mexicana. 


Calices damaged so that their depth can not be definitely ascer- 
tained, but apparently they were shallow. 

There are 46 septa in a corallite 7.5 by 6.5 mm. in diameter; of 
these, 14 reach the columella and 23 are small or rudimentary. 
Usually three sizes of septa are recognizable; the tertiaries fuse to 
the side of the secondaries, as a rule. Even the large septa are 
relatively thin, not so thick as the width of the interseptal loculi. 
The inner ends of the principal septa are somewhat thickened and 
paliform lobes may have been present. 
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Columella trabecular, false, fairly well developed. 

Thin endothecal dissepiments abundant. 

Asexual reproduction by marginal fission. 

Locality and geologic occurrence.—Mexico, hill 4 miles east of San 
Rafael Ranch, State of Tamaulipas, collected by W. F. Cummins 
and J. M. Sands in the Oligocene San Rafael formation of Dumble,! 
in association with Antiguastrea cellulosa (Duncan) Vaughan. 

Type.—Cat. No. 324995, U.S.N.M. 

This specimen closely resembles Astroria antiguensis Duncan.’ I 
have a photograph (see pl. 131, fig. 4) of Duncan’s type (No. 12936, 
Coll. Geol. Soc. London), and because of the resemblance, I furnished 
Mr. Dumble the name Goniastrea (2?) antiguensis (Duncan), as given 
in his papers cited. Subsequent study of the photograph and further 
comparisons with specimens from Antigua lead me to believe that 
Astroria antiguensis is in reality a fungid coral, and is probably based 
on a silicified specimen of Cyathomorpha antiguensis (Duncan) 
Vaughan in which the corallites are deformed by crowding. That 
adjacent corallites are separated by costate intercorallites areas is 
clear on most of this photograph; and apparently there are both 
intercostal and mural synapticulae. For additional notes on Astroria 
antiguensis see page 466 of this paper. 


FAVITES POLYGONALIS (Duncan). 


1863. Astroria polygonalis Duncan, Geol. Soc. London Quart. Journ., vol. 19, 
p. 424, pl. 14, fig. 6, 1863. 

Besides F. mexicana, the only other definitely known species of 
Favites in the American older Tertiary formations is F. polygonalis 
(Duncan) Vaughan, which is very abundant in Antigua. The calices 
of F. polygonalis are much larger than in F’. mexicana, the smallest 
size usually being 15 mm., rarely as little as 14 mm. in diameter; 
range in diameter from the size just stated up to 23 mm. wide by 
35 mm. long, an extraordinarily large calice. The lesser diameter 
of a calice is usually between 15 and 20 mm. The calices are exca- 
vated, depth 8 to 10 mm., separated by acute walls. Septa in 4 
or 5 sizes, thin, rather distant, about 8 within 1 cm. In many 
specimens there is a more or less flattened zone around the colum- 
ullar fossa, which is bounded by the rather steep inner ends of the 
septa. In F. mexicana, 9 septa were counted within a linear dis- 
tance of 5 mm., being twice as many within the same distance as 
there are in F. polygonalis. Cooke and Mansfield collected in the 
base of the Chattahoochee formation, station 7078, 8 miles below 
Bainbridge, Georgia, a species of Favites that seems to be the same 
as the Antiguan specimens of F. polygonalis with small calices. 


1 See p. 206 for additional notes. 
2 Geol. Soc. London Quart. Journ., vol. 19, p. 425, 1863. 
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Genus GONIASTREA Milne Edwards and Haime. 
1848. Goniastrea MILNE Epwarps and Haime, Comptes Rend., vol. 27, p. 495. * 


Type-species.—Astrea retiformis Lamarck. 


GONIASTREA CANALIS, new species. 


Plate 91, fig. 4. 


Corallum massive, rounded or flattened on the upper surface, 
forms masses 15 cm. or more in diameter. 

Calices joined directly by their walls, shallow, polygonal deformed; 
lesser diameter of adult calices about 3.5 mm., greater diameter from 
3.5 mm. up to 5.5 mm. 

Septa about 42, in a calice 3.5 mm. wide by 4 mm. long; of these 
11 extend to the columella, and there are about 21 small (rather 
rudimentary) septa. The inner ends of the smallest septa are usually 
free; but the septa of the intermediate size fuse to the sides of the 
members of lower cycles, and in places a small septum fuses to the 
side of a member of a lower cycle. As is normally the case in corals 
reproducing by fission, the septal arrangement is not definite. About 
10 septa, alternately larger and smaller, were counted in a space of 
2.25 mm. along the wall. At the wall the interseptal spaces are 
about as wide as the thickness of the larger septa. Septal faces 
with some granulations. Septal margins too badly damaged to 
permit a study of their characters. 

Columella false, fairly well developed, formed by the fusion of the 
inner end of the long septa. 

Asexual reproduction by fission, either equal or unequal, equal 
fission seems more common. 

Locality and geologic occurrence.—Canal Zone, station 6016, quarry, 
Empire, in the Emperador limestone collected by T. W. Vaughan 
and D. F. MacDonald. 

Type.—No. 324996 U.S.N.M. 

Of the species of Goniastrea previously described from the American 
Tertiaries, G. variabilis Duncan! from the upper Eocene St. Bar- 
tholomew limestone, French West Indies, has larger calices, about 5 
mm. wide, and as it has about 40 septa to a calicé, the septa in it are 
less crowded than in G. canalis. I collected in the Oligocene of 
Antigua, in the Antigua formation, a species of Gonvastrea, that is 
evidently the same as Stephanocoenia reussi Duncan.” This differsfrom 
G@. canalis only by the absence of rudimentary septa between the 
larger septa. The two forms, although closely related, seem to 
represent distinct species. 


1 Geol. Soc. London Quart. Journ., vol. 29, p. 557, pl. 21, fig. 11, 1873. 
2Tdem, vol. 24, p. 19, pl. 2, fig. 1, 1867. I have excellent photographs of Duncan’s type, which is No. 
5011, Brit. Mus. Nat. Hist. 


@ 
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Genus MAEANDRA Oken. 


1815. Maeandra OxEN (part), Lehrb. Naturg., Th. 3, Abth. 1, p. 70. 
1902. Maeandra Verrity, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 66. 
1917. Maeandra VauGHAN, Carnegie Inst. Washington Pub. 213, p. 119. 


Ty pe-species.— Madrepora labyrinthiformis Linnaeus. 
MAEANDRA ANTIGUENSIS, new species. 


Piate 103, figs. 3, 4, 4a. 


The general habit of the corallum is similar to that of MMJaeandra 
clivosa (Ellis and Solander), that is, the upper surface is more or less 
lobulate, not rather uniformly rounded or domed as WM. strigosa 
(Dana). A view of the upper surface of each cotype is shown on 
plate 103, figures 3, 4. Valleys sinuous, relatively long, as much as 
or more than 26 mm. in length; width from 3.5 to 5.5 mm., about 
4.25 mm. usual; depth about 2mm. Collines with narrow, acute or 
subacute summits, the septa sloping away at an angle of about 45°. 
Adjacent valleys are usually separated by simple walls; in places 
separate mural edges are distinguishable, but in such instances the 
distance between the walls is less than 0.5 mm. 

Septa decidedly crowded, 8 or 9 long septa and as many interme- 
diate short septa within 5 mm., that is, from 32 to 36 septa, alternately 
short and long, within 1 cm. The long septa extends to edge of the 
columellar fossa; the intermediate septa are about half as long. 
Septal margins finely dentate, about 10 small teeth on the long septa; 
slope downward and inward at an angle of about 45°, as previously 
stated. Inner ends of long septa more or less thickened, some appear 
to bear paliform lobes, fused by lateral expansions and processes at 
the edge of the columellar fossa. 

Columella composed of axial septal processes, which are usually 
more or less flattened and curled. Calicinal centers indistinct. 

Thin, crowded, endothecal dissepiments abundant. 

Localities and geologic occurrence.—Antigua, station 6881, Antigua 
formation, Willoughby Bay, cotypes, 2 specimens, collected by 
T. W. Vaughan. 

Panama, station 6587, Tonosi, a broken specimen, collected by 
D. F. MacDonald. 

Cotypes.—No. 325003, U.S.N.M. 

Maeandra antiguensis is very close to M. clivosa. The principal 
differences seem to be the steeper margins and the thicker inter- 
corallite walls, and the slightly wider and deeper valleys of J. 
closa. Thecotypes of M. antiguensis were compared with 33 small 
specimens of M. clivosa and the differential characters indicated ° 
appear valid. 

The specimen obtained by Doctor MacDonald is only a fragment, 
but as the cross-section of the corallites and walls and the septal 
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characters agree with M. antiguensis, there is no reasonable doubt as 
to its belonging to that species. 


MAEANDRA PORTORICENSIS, new species. 


Plate 107, figs. 1, la. 


Coralilum massive, composed of long valleys, from 5.5 to 9 mm. 
wide, and about 3.5 mm. deep, separated by acute collines. Walls 
in the collines, rather thick but simple. 

Septa, rather thick, crowded, about 10 in 5 mm., or 20 to the 
centimeter. Asarule alternately shorter and longer, but in some 
places they are equal. At the wall usually equal in thickness. The 
inner ends of some septa are enlarged, and there are indications that 
such septa bear upright paliform teeth. Margins dentate. Calicinal 
centers indistinct. 

Columella absent. 

Locality and geologic occurrence.—F our miles west of Lares, Porto 
Rico, Pepino formation, collected by R. T. Hill. 

Type.—No. 325004, US.NM. | 
Maeandra portoricensis 1s very close to an undescribed 
species from the St. Bartholomew Eocene, to which Duncan erro- 
neously applied the name Manicina areolata (Linnaeus). The differ- 
ence seems to lie in the former having straighter valleys (a character 
of very little value), and thicker septa and walls. 


MAEANDRA DUMBLEI, new species. 


Plate 104, figs, 1, la. 


Corallum massive, upper surface gradually curved, without gib- 
bosities. The type, a segment of a head, is 63 mm. long, 57 mm. 
wide, and 45 mm. thick. 

Valleys straight or curved; length from 5 mm., the diameter of 
a solitary calice, up to 30 mm. or even more; width from 3 to5 mm. ; 
depth 1.5 mm. or less, the valleys are very shallow, almost super- 
ficial Collines flat or furrowed along the top; width from 1.5 to 2.5 
mm. Hach of two adjacent series usually with its own separate 
wall, the walls separated on top by a slight depression which is 
crossed by costae. The colline characters are those characteristic 
of Diploria, which is typical Maeandra. 

Septa rather distant, 9 within 5 mm. or 18 to 1 em.; subequal 
or alternately longer and shorter, the shorter usually almost reach- 
ing the columella; no rudimentary septa except in young calices; 
outer septal ends thick. Septal margins broken in the type, but 
’ the trabeculae indicate fairly large dentations, about 5 on a long 
septum outside the distinct, thickened, palar lobe. 

Columella composed of septal processes, only slightly developed. 
Calicinal centers distinct or obscure. 
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Locality and geologic occurrence.—Mexico, hill one mile east of 
San Jose de las Rusias ranch, State of Tamaulipas, collected by W. F, 
Cummins and J. M. Sands, in the Oligocene formation to which 
Mr. E. T. Dumble! applied the name ‘‘San Fernando beds,” later 
changed to San Rafael beds. Anteguastrea cellulosa (Duncan) 
Vaughan was also collected at this locality. 

Type.—No. 325005, U.S.N.M., presented by Mr. E. T. Dumble. 

This species groups with the living West Indian Maeandra labyrinthi- 
formis (Linnaeus), the genotype, which has far more crowded septa, 
and with M. bowersi Vaughan, from Carrizo Creek, California, which 
has wider intercorallite areas, deeper valleys, and fewer long septa 


to the centimeter. 
MAEANDRA AREOLATA (Linnaeus). 


1758. Madrepora areolata LINNAEUS, Syst. Nat., ed. 10, p. 795. 

1901. Manicina areolata VauaHAN, U.S. Fish Com. Bull. for 1900, vol. 2, p. 305, 
pl. 4, figs. 2, 3. 

1902. Maeandra areolata Verriti, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 
Siok 1 hos. le 2 ple 2s thesia) 2003), 

1915. Maeandra areolata VauaHaNn, Washington Acad. Sci. Journ., vol. 5, p. 596. 

1916. Maeandra areolata VAUGHAN, Carnegie Inst. Washington Yearbook No. 14, 

_ pp. 225, 227. 

Common in the Pleistocene marl of Mount Hope near Colon, 
Canal Zone. 

Locality and geologic occurrence.—Canal Zone, stations 5850 and 
6039, Mount Hope, collected by D. F. MacDonald. 

This species is a common fossil in the Pleistocene coralliferous 
deposits and in areas of living reefs in the Caribbean region and 
Florida. MM. areolata is not a true reef coral. It thrives best on 
the flats behind the reefs or in water 10 to 12 fathoms deep off 
the reefs proper. As it has no firm basal attachment, it can not 
resist the impact of the waves of rough seas. 


MAEANDRA CLIVOSA (Ellis and Solander). 


1786. Madrepora clivosa Ex1is and SoLtaNpDER, Nat. Hist. Zooph., p. 163. 

1901. Platygyra clivosa VAUGHAN, Geolog. Reichs. Mus. Leiden Samml., ser. 2, 

vol. 2, p.57. (With synonymy.) 

1902. Maeandra clivosa Verriut, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 78. 

1902. Maeandra agassizi VerrttL, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 80, 

= ppl. 14,-figs. 1, la. 

1915. Maeandra clivosa VAUGHAN, Washington Acad. Sci. Journ., vol. 5, pp. 
596, 597. 

1916. Maeandra clivosa VauaHan, Carnegie Inst. Washington Yearbook No. 14, 
p. 227. 


Locality and geologic occurrence.—Costa Rica, station 6251, Monkey 
Point, in aslightly elevated Pleistocene reef, collected by D. F. Mac- 


! Dumble, E. T., Some events in the Eogene history of the present coastal area of the Gulf of Mexico 
in Texas and Mexico, Journ. Geol., vol. 23, pp. 481, 498, 1915 (see pp. 495-496); Tertiary deposits of north- 
eastern Mexico, Calif. Acad. Sci. Proc., vol. 5, pp. 163-193, pls. 16-19, Dec., 1915 (see pp. 189-190). 
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Donald: This species is general in the elevated Pleistocene reefs 
and in the areas of living reefs in the Caribbean region and in Florida. 
It is one of the most abundant species on the living Bahamian reefs, 
but appears not to occur in the Bermudas. 


MAEANDRA STRIGOSA (Dana). 


1846. Meandrina strigosa Dana; U.S. Expl. Exped. Zooph., p. 257, pl. 14, figs. 
4a, 4b. 

1901. Platygyra viridis VauGHAN, Geolog. Reichs. Mus. Leiden, ser. 2, vol. 2, 
p. 51. (With synonymy.) 

1901. Platygyra viridis VaueHan, U.S. Fish Com. Bull. for 1900, vol. 2, p. 306, 
pls..9,10\e1. 12,13 

1902. Maeandra cerebrum VerritL, Conn. Acad. Arts and Sci. Trans., vol. 11, 
p. 74, pl. 10, fig. 4; pl. 12, fig. 4; pl. 14, figs. 4, 5. 

1902. Maeandra viridis VAUGHAN, Biol. Soc. Washington Proc., vol. 15, p. 55. 

1907. Maeandra cerebrum VerRrRitL, Conn. Acad. Arts and Sci. Trans., vol. 12, 

. 169. 

1915. ee strigosa VAUGHAN, Washington Acad. Sci. Journ., vol. 5, p. 596." 

1917. Maeandra strigosa VAUGHAN, Carnegie Inst. Washington Yearbook No. 14, 
p. 227. 

I can not at all agree with Professor Verrill’s application of Ellis 
and Solander’s name ‘‘cerebrum”’ to this species. There are three 
large, massive species of Macandra in the West Indies and Florida, 
namely, M. labyrinthiformis (Linnaeus), M. elivosa (Ellis and Solan- 
der), and M. strigosa (Dana). I applied to I. strigosa a varietal 
name proposed by Le Sueur, but Professor Verrill expressed doubt 
as to Le Sueur’s having meant the species under consideration. 
There is good evidence that Ellis and Solander did not intend Madre- 
pora cerebrum for this species, for they applied the name Madrepora 
labyrinthica to it and figured it. As they applied names to two of the 
identifiable species, it is probable that they intended Madrepora 
cerebrum for the third species, that is, for Madrepora labyrinthiformis, 
of which Diploria cerebriformis (Lamarck) M. Edwards and Haime 
is a synonym. 

Under these circumstances, the proper course to pursue evidently 
is to take the first name concerning which there is no doubt. Choice 
then fall on Meandrina strigosa Dana, the type of which is in the 
United States National Museum. 

Locality and geologic occurrence.—Costa Rica, station 6251, Monkey 
Point, in the slightly elevated Pleistocene reef, coilected by D. F. Mac- 
Donald. This species is general in the Pleistocene and living coral 
reefs of the Caribbean region, Florida, and the Bahamas, and is 
found living in the Bermudas. It is one of the two most important 
massive reef-building species in Florida and the West Indies; the 
other of the most important species is Orbicella annularis (Klis and 


Solander). 
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Genus LEPTORIA Milne Edwards and Haime. 


< 


1848. Leptoria MitnE EEpwarps and Haime, Comptes Rend., vol. 27, p. 493. 
1917. Leptoria VauGHAN, Carnegie Inst. Washington Pub. 213, p. 117. 
Type-species.— Meandrina phrygia Lamarck = Madrepora phrygia 
Ellis and Solander. 
LEPTORIA SPENCERI, new species. 
Plate 109, figs. 2, 2a, 3. 


1863. Maeandrina species DuncANn, Geol. Soc. London Quart. Journ., vol. 19, 
p. 424. 


Corallum more or less explanate, with a flatish, undulate upper 
surface. 

Valleys long and sinuous, shallow, from 3.25 to 5 mm. wide, 
separated by narrow, but strong colline walls. 

There are 8 or 9 long septa within 5 mm., 18 to 19 within 1 cm. 
These are rather stout and extend from the wall to the columellar 
fossa; somewhat thickened in the wall and on their inner ends, where 
there appear to be paliform knots or lobes. Usually between each 
pair of larger septa is a very thin septum, which is either short or long. 

The columella is stout and lamelliform. 

Locality and geologic occurrence.—Cuba, station 3473, Rio Canapu, 
crossing of Manassas trail, Oriente Province, Cuba, collected by Dr. 
Arthur C. Spencer, for whom the species is named. Cyathomorpha 
tenuis (Duncan) was obtained at the same place. The geologic 
horizon, therefore, seems to be that of the Antigua formation of 
Antigua; but Dr. J. A. Cushman reports Orthophragmina from the 
same station, and suggests that the formation exposed there is of 
upper Eocene age. 

The specimen from Antigua referred to by Duncan as ‘‘ Maecandrina 
sp.”’ seems to belong to L. spencert, according to two photographs I 
have of Duncan’s original specimen, No. 12946, coll. Geol. Soc. 
London. Duncan’s specimen has a distinctly lamellate columella. 

Type.—No. 324968a, U.S.N.M. (pl. 109, figs. 2, 2a). 

Paratype.—No. 3249686, U.S.N.M. (pl. 109, fig. 3). 

There is no other known species from the West Indies to which L. 
spencert is nearly related. It has closer affinities with the Indo- 
Pacific species L. phrygia and L. gracilis. L. spencer has about the 
same number of septa to the centimeter as Maeandra antiquensis, but 
it differs from M. antiqguensis in having shallower valleys, stouter 
interserial walls, and its columella is distinctly lamelliform. 


Genus MANICINA Ehrenberg. 


1834. Manicina EHRENBERG, Corallenth. Roth. Meer., p. 101 (of reprint). 
1848. Colpophyllia Minne Epwarps and Harmer, Comptes Rend., vol. 27, p. 492. 
1902. Manicina VeRRILL, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 84. 


Ty pe-species— Madrepora gyrosa Ellis and Solander. 
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MANICINA GYROSA (Ellis and Solander). 

1786. Madrepora gyrosa Exuis and SoranpEr, Nat. Hist. Zooph., p. 163, pl. 51, 
figs. 1, 2. Y 

1901. Colpophyllia gyrosa VauGHAN, Geolog. Reichs-Mus. Leiden, ser. 2, vol. 
2, p. 41 (With synonymy, except Mussa fragilis Dana). 

1902. Manicina gyrosa Verrit., Conn. Acad. Arts and Sci. Trans., vol. 11, p. 85. 

1915. Manicina gyrosa VAUGHAN, Washington Acad. Sci. Journ., vol. 5, p. 596. 

1916. Manicina gyrosa VAUGHAN, Carnegie Inst. Washington Year Book, No. 14 
p. 227. 

Locality and geologic occurrence-—Canal Zone, station 5850, Pleis- 
tocene, Mount Hope, collected by D. F. MacDonald. 

Costa Rica, station 5884), probably Pleistocene, Moin Hill, col- 
lected by D. F. MacDonald. 

This species is general in the elevated Pleistocene and on the living 
coral reefs of the Caribbean area and in Florida. Usually specimens 
are not abundant, but can nearly always be found in both the Pleis- 
tocene and living reefs. 

There is in the Antigua formation of Antigua a very handsome 
species of Manicina, which is of interest in showing the presence of 
the genus in American Tertiary deposits of middle Oligocene age. 


MANICINA WILLOUGHBIENSIS, new species. 


Plate 104, figs. 2,2a; plate 105. 


Corallum attached by a more or less centrally placed basal peduncle, 
from which the lower surface slopes upward and outward, upper sur- 
face curved or flattish. Common wall thrown into rounded cor- 
rugations, which are narrow at the lower end, but widen with out- 
ward growth until they may be 15 mm. across, height as much as 7 
mm. Besides the corrugations, the lower surface is costate; large, 
low rounded costae about 1 mm. apart, with an intermediate smaller 
costa between each pair of larger. There is no vestige of epitheca. 
(There are only occasional shreds of epitheca on the lower surface 
of M. gyrosa.) 

Valleys long and sinuous; from 7 to 16 mm. wide, between 10 
and 11 mm. usual; depth 8 to 10 mm. Colline submits narrow, 
usually from 1 to 1.5 mm. wide, but the walls of adjacent series are 
nearly always distinct, being separated by a narrow furrow, against 
the sides of which the outer ends of the septa terminate. 

Septa from 19 to 22 to 1 cm., one-half of which are small and 
rudimentary; the larger septa are thin and are arranged in 2, 3, or 
4 sizes. Near the top of the wall all septa are narrow and steep 
through a distance of about 3 mm., below which the larger septa 
widen by a slope of about 45°; their inner edges fall steeply, in places 
perpendicularly, to the bottom of the axial furrow. There are no 
definitely developed paliform lobes, but in places the septal margins 
rise upward just outside the steep fall into the axial fossa. Denta- 
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tions on the septal margins small and serrate, not prominant. Septal 
faces with small granulations. 

Columella very poorly developed or absent; calicinal centers as a 
rule fairly distinct, range from 9 to 21 mm. apart. 

Thin endothecal dissepiments well developed. 

Locality and geologic occurrence.—Antigua, station 6881, Wil- 
loughby Bay, (cotypes), and at, other localities in the Antigua forma- 
tion, Antigua, collected by T. W. Vaughan, 

Type.—No. 325006a, U.S.N.M. 

Paratype.—Cat. No. 3250066, U.S.N.M. 

This species is closely related to the living Manicina gyrosa of the 
. Caribbean and Floridian regions. It has narrower collines, because 
the septa are narrow in their upper part; it has much more numerous 
septa; and the septa of M. gyrosa- have far more exsert-margins. 

The only European species, known to me, with which comparison 
will be made is Diploria intermedia Michellotti from the Oli- 
gocene of Sassello, Liguria (specimen so labelled, received from 
the Museum of Natural History at Turin, No. 156300, U.S.N.M.). 
This specimen, although it has the aspect of Diploria (precise synonym 
of typical Maeandra),is in my opinion really a species of Manicina, for 
the lower surface is corrugate and there is no epitheca, while there 
is a complete, concentrically striate epitheca on the base Maeandra 
(‘Diploria”’) labyrinthiformis. The costae on the base of Diplona 
awntermedia are similar to those of Manicina. Besides the characters 
already mentioned, the calicinal centers in D. intermedia are more 
distinct than in the type-species of Diploria. I will therefore desig- 
nate Michelotti’s species Manicina intermedia (Michellotti). This 
species has narrower (3.5 to 7 mm. wide), shallower (2.5 to 3 mm. 
deep), valleys, and thicker septa than M. willoughbiensis, and 
there are distinct, thickish paliform lobes on many long septa. 
Although the two species are distinct, the genus to which they 
belong was coincident in the Oligocene of southern Europe and of the 
West Indies. D’Achiardi has described two species of this genus as 
Colpophyllia taramellii and C. flecuosa from the Eocene of Friuli. 


Genus THYSANUS Duncan. 


1883. Thysanus Duncan, Geol. Soc. London Quart. Journ., vol. 19, pp. 430, 439; 
pl. 15, figs. 3a,°3b, pl. 16, figs. 6a, 62. 

1863. Teleiophyllia Duncan, Geol. Soc. London Quart. Journ., vol. 20, p. 34. 

1864. Thysanus Duncan, Geol. Soc. London Quart. Journ., vol. 21, p. 10. 

1884. Thysanus DuncaAN, Linn. Soc. London Journ. (Zoology), vol. 18. p. 15. 

1884. Teleiophyllia Duncan, Linn. Soc. London Journ. (Zoology), vol. 18, p. 85. 


Type-species.—Thysanus excentricus Duncan (Geol. Soc. London 
Quart. Journ., vol. 19, p. 439, pl. 16, figs. 6a, 6D). 

Duncan included two species in this genus at the time he described 
it, designating neither one as the type. Thysanus corbicula occurs 
first in the paper, but as specimens of it are not accéssible for study, 
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I have selected as the genotype the second species, Thysanus ex- 
centricus, of which I have seen nearly 700 specimens. 
THYSANUS aff. T. EXCENTRICUS Duncan. 
1863. Thysanus excentricus DUNCAN, Geol. Soc. London Quart. Journ., vol. 19, 
p. 439, pl. 16, figs. 3a, 3c. 
Apparently the tall variant of 7. excentricus is represented by casts 
in material from Cuba. 
Locality and geologic occurrence.—Cuba, station 3439, in the La 


Cruz marl, first railroad cutting east of La Cruz, near Santiago, 
collected by T. W. Vaughan. 


THYSANUS HAYESI, new species. 
Plate 77, figs. 3, 3a, 3b. 


The type is much damaged, but the three views on plate 77, 
figures 3, 3a, 3b, give an idea of its form. The corallum, which was 
about 21 mm. long, 12 mm. tall, and 13 mm. in maximum diameter, 
is relatively wide, and is unilateral. : 

The costae are decidedly prominent, 1 mm. or more tall at the mural 
edge, and are distant, about 2 mm. between the summits of adjacent 
costae. Their edges are coarsely and irregularly dentate, the denta- 
tions compressed transversely to the septal planes, and secondarily 
spinulose. Toward the base of the corallum the costae become less 
prominent and are obsolete on the base. There are. no distinct 
secondary costae. 

Nearly all of the septa extend to the columella, ane are distant 
and rather thin; intermediate small septa are rare. Margins dentate. 
Faces with nea ridges and coarse granulations. 

Columella trabecular and obscurely lamellate. 

Endothecal dissepiments abundant, thin. 

Locality and geologic occurrence.—Cuba, station 3461, Gorge of 
Yumuri River, Matanzas, lower Miocene, collected by T. W. Vaughan. 

Type.—No. 324994, U.S.N.M. 

This species, which I am naming for Dr. C. W. Hayes, is most nearly 
related to Thysanus corbicula Duncan, but differs in its more distant, 
more prominent, and coarser costae. 


Family MUSSIDAE Verrill. 


Genus SYZYGOPHYLLIA Reuss. 


1860. Syzygophyllia Reuss, K. K. Akad. Wiss. Wien, Mat., Natur. Cl., Sitzungber, 
vol. 39, p. 216, pl. 1, figs. 10-12; pl. 2, fig. 10. 


Type-species.—_Syzygophyllia brevis Reuss. 
SYZYGOPHYLLIA HAYESI, new species. 
Plate 106, figs. 1, la, 1b. 


Corallum compressed-turbinate in form. Greater diameter 75 mm. ; 
cesser diameter 59 mm.; height 40 mm.+. The tip of the base and 
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- the upper part of the calice of the type are broken. Wall strong, 
moderately thick; with coarsely dentate costae just below the 
calicular edge, lower down covered by thick, finely wrinkled epitheca. 

The number of septa could not be counted with certainty, there 
are about 200, or approximately 6 cycles. The primaries, secondaries, 
and tertiaries extend to the columella and are very thick, 1 mm. 
usual and 2 mm. occasional. The quaternaries are shorter and thin- 
ner; and the members of the fifth and sixth cycles shorter and thinner 
than the quaternaries according to cycle. The very thick principal 
septa with shorter and thinner intermediate septa constitute one of 
the most striking characteristics of the species. The septal margins 
are broken but their character can be inferred from the plan of the 
broken cross section. There are alternate swollen and thinner areas, 
showing that the septa are composed of compound trabeculae, and had 
coarsely dentate margins. The bases of some of the teeth were prob- 
ably as much as 3 mm. in width, but a more usual width was probably 
between 2 and 2.5 mm. 

The columella is relatively small, it appears to be entirely composed 
of the fused inner ends of the septa. 

Locality and geologic occurrence.—Nicaragua, Brito formation 
(upper Eocene), on or near the Pacific coast; collected by C. W. 
Hayes, for whom the species is named. 

Type.—No. 325009, U.S.N.M. 

Two other species of Syzygophyllia are known from middle America, 
Syzygophylla gregorit (Vaughan) and S. dentata (Duncan). S. gre- 
gorvi was first described from the Bowden mar! of Bowden, Jamaica, 
but also occurs in beds of equivalent age in Santo Domingo. S. 
dentata, which was described from the Nivajé shale of Santo Domingo, 
occurs stratigraphically above S. gregorit, but in deposits paleonto- 
logically closely related to the Bowden marl. Of the two species 
S. hayesi is more like S. gregorii, but its principal septa are thicker 
and its columella is less developed. Probably the most nearly related 
species is one collected in the Eocene St. Bartholomew limestone 
by Prof. P. T. Cleve, but the specimen that I have seen of this is 
not good enough for positive identification. 


MADREPORARIA FUNGIDA. 
Family AGARICIIDAE Verrill. 


Genus TROCHOSERIS Milne Edwards and Haime. 
1849. Trochoseris Mi1tnE Epwarps and Haime, Comptes Rend., vol. 29, p. 72. 
1905. Trochoseris VauGHAN, U.S. Nat. Mus. Proc., vol. 28, p. 384. 
Type-species.—Anthophyllum disiortum Michelin. 
The columella in the type-species is very small, false, and more or 
less papillary. 
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TROCHOSERIS MEINZERI, new species. 
Plate 106, figs. 2, 2a, 2b. 


Corallum trochoid, attached by a basal peduncle. Greater diam- 
eter of calice, 59.5 mm.; lesser diameter, 41 mm.; height, 38.5 mm.; 
wall solid, finely and closely costate; costae low, equal or alter- 
nating in size, about 13 in 5 mm. or 26 in 10 mm. Calice, flaring, 
shallow, slightly excavated. 

Septa very numerous and crowded, about 16 in 5 mm., 32 in 10 
mm; at the calicular edge, thicker than the width of the inter- 
septal spaces. Of the septa about every eighth seems to extend to 
the axial fossa, and 35 were counted around the fossa, but the num- 
ber of septa probably exceeds 280. The margins are obscurely, 
very finely, dentate, subentire. Synapticulae small, numerous, 
crowded. 

Columella very small, 2 mm. in diameter, in a small fossa; a few 
papillae are recognizable. 

Locality and geologic.occurrence.—Cuba, station 7522, Mogote Peak, 
0.5 mile east of east boundary of United States Naval Reservation, 
Guantanamo, south side of peak, altitude about 375 feet a. t., collected 
by O. KE. Meinzer (type). 

Panama, station 6587, Tonosi, collected by D. F. MacDonald. 

Type.—No. 325228, U.S.N.M. 

The only other species of Trochoseris described from the American 
Tertiary formations is 7. cataduwpensis Vaughan! from the Eocene 
at Catadupa, Jamaica. This 1s a much smaller species than T. 
meinzert and does not appear closely related. 

The specimen obtained by Doctor MacDonald at-Tonosi, Panama, 
is broken and poor, but the identification of it with the Cuban 
Specimen seems certain. 


Genus AGARICIA Lamarck. 


1801. Agaricia Lamarck, Syst. Anim. sans Vert., p. 373. 
1905. Agaricia VAUGHAN, Science, n.s., vol. 21, p. 984. 
1917. Agaricia Vaucuan, Carnegie Inst. Washington Pub. 213, p. 140. ° 
Type-species.— Madrepora undata Ellis and Solander. 
AGARICIA AGARICITES (Linnaeus). 
1758. Madrepora agaricites Linnaxzus, Syst. Nat., ed. 10, p. 795. 
1901. Agaricia agaricites VauGHAN, Geol. Reichs. Mus. Leiden Samml., ser. 2 
vol. 2, p. 64. 
1902. Agaricia agarcites Verritt, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 
146," pl'26; fies. 253) ple 27, fogs l, 2'' 20.73; 3a; 'O, O08,. vende 
1915. Agaricia agaricites VAUGHAN, Washington Acad. Sci. Journ., vol. 5, p. 596. 
1916. Agaricia agaricites VAUGHAN, Carnegie Inst. Washington Yearbook No. 14, 
p. 228, | 
Locality and geologic occurrence.—Canal Zone, station 6039, Pleis- 
tocene, Mount Hope, collected by D. F. MacDonald, abundant. 


1 Mus. Comp. Zool. Bull., vol. 34, p. 242, pl. 39, figs. 5, 6, 1899. 
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This species in its typical form is generally present on the living 
West Indian and Floridian reefs, and is usual in the Pleistocene 
reefs of the same region. 


AGARICIA AGARICITES var. PURPUREA Le Sueur. 

1820. Agaricia purpurea Le Surur, Mus. Hist. nat. Paris Mém., vol. 6, p. 276, 
pl. 15, figs. 3a, 30, 3c. 

1902. Agaricia purpurea VerRiILL, Conn. Acad. Arts and Sci. Trans., vol. 11, 
p. 149, pl. 27, figs. 4, 4a, 4b. 

1902. Agaricia agaricites var. gibbosa VERRILL, Conn. Acad. Arts and Sci. Trans., 
vol. 11, p. 148, pl. 27, figs. 1, la. 

1912. Agaricia crassa VAUGHAN, Carnegie Inst. Washington Yearbook, No. 10, 
p. 153. 

1912. Agaricia fragilis var. VAUGHAN, Carnegie Inst. Washington Yearbook No, 
10, pp. 153-154. 

1915. Agaricia purpurea VAUGHAN, Washington Acad. Sci. Journ., vol. 5, p. 596. 

1915. Agaricia purpurea VAUGHAN, Carnegie Inst. Washington Yearbook, No. 
14, p. 228. 


Locality and geologic. occurrence.—Canal Zone, station Nos. 5849 
and 6039 Pleistocene, Mount Hope, collected by D. F. MacDonald, 
abundant. This variety is widespread on the living reefs in the 
West Indies and Florida. 

Agaricia agaricites var. purpurea is one of the corals on which I 
made many experiments at Tortugas, Florida. The following is an 
account of one experiment: ! 


The result of one experiment with Agaricia gave unexpectedly important informa- 
tion on the influence of environment on variation. On the piers of the Fort Jefferson 
dock a thin, unifacial, subcircular, or reniform Agaricia, attached by the center of 
the lower surfaces, is rather abundant. This seems to be a variety of Agaricia fragilis 
(Dana). On the reefs off Loggerhead Key an Agaricia of massive form, several inches 
in diameter and of somewhat less height, is abundant. This appears to be the same 
as Agaricia crassa Verrill. One specimen of the thin Agaricia fragilis form attached 
to a tile in June, 1910, had by June, 1911, assumed the Agaricia crassa growth-form. 
This specimen was attached by its entire lower surface and seems to have had its 
growth-form influenced by the wide basal attachment. It is evident that there is 
here one species of Agaricia that under different conditions assumes different growth- 
forms. In very quiet water it is thin, orbicular, or reniform, with a slight basal 
attachment at its center, while on the reefs 1t is more strongly attached and has a 
more massive growth-form. But, in the quiet waters, the massive growth-form may 
be produced by giving the normally thin form a wide base of attachment, or there is 
a reaction to contact. On the reefs, when the water is strongly agitated, there 1s prob- 
ably a clinging of the periphera! polyps to the basal support; this causes the basal 
attachment to cover a larger area than in the more quiet waters; then waned growth 
from this wide base would produce the massive form. 


AGARICIA AGARICITES var. CRASSA Verrill. 


1902. Agaricia crassa VERRILL, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 145, 
pl. 30, fig..6; pl. 34, fig. 2 

1915. Agaricia crassa VAUGHAN, Washington Acad. Sci. Journ., vol. 5. p. 596, 

1916. Agaricia crassa VAUGHAN, Carnegie Inst. Washington Yearbook, No. 14, 
p- 228. 


1 Carnegie Inst. Washington Yearbook No. 10, pp. 153-154, 1912. 
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Locality and geologic occurrence—Limon, Costa Rica, Moin Hill, 
‘“‘Niveau a,” collected by H. Pittier, probably Pleistocene. - q 
As has been stated this is in reality only a vegetative growth form 
of Agaricia agaricites var. purpurea. It is especially abundant 
on the reefs off the west side of Andros Island, Bahamas. 
AGARICIA AGARICITES var. PUSILLA Verrill. 
1902. Agaricia agaricites var. pusilla VerRiLL, Conn. Acad. Arts and Sci. Trans., 
vol. 11, p. 148, pl. 27, figs. 3. 3a. 
Locality and geologic occurrence.—Canal Zone, station 6039, Pleisto- 
cene, Mount Hope, collected by D. F. MacDonald, moderately 
abundant. This variety was originally based on specimens from 


Colon, Panama. 
AGARICIA ANGUILLENSIS, new species. 


Plate 108, figs. 2, 3, 4. 


Corallum rather low, consisting of crispate, divided, and lobed 
fronds. Height or extension from the center, 44+mm. Thickness, 
3 to 4 mm; thinner on the edges. 

Calices unifacial, subconcentrically arranged, mother calice excen- 
tric. In the type-specimen, the distance from the mother calice to ~ 
the edge of the frond is 35 mm., with five rows of calices, the outer- 
most calice 6 mm. from the margin, making 7 mm. the average dis- 
tance between the rows, the distance varies from 5 or 6 to 9 mm. 
The lower side of the rows is very slightly swollen; the ridges are almost 
suppressed. Transverse diameter of calices 3 to 7 mm. On the 
upper side the septo-costae are directly continuous without elevation 
to the next series. Under side of frond finely striate. 

The septa vary in number from 15 to 88, alternately larger and 
smaller, arranged in three cycles; 6 to 12 septa are decidedly larger 
and thicker than the others. ‘The septo-costae are solid and coarse, 
alternately larger and smaller. Synapticulae abundant. 

Calicular fossa shallow. Columella stout, composed of two or 
three large papille that fuse to form an axial tubercle or an axial 
lamella. 

Localities —lIsland of Anguilla, West Indies; collected by P. T. 
Cleve. 

Type.—University of Upsala; duplicates in the United States 
National Museum (Cat. No. 324971). 

One of the striking characters of this species is the slight tumidity 
of the lower side of the calices; otherwise it closely resembles Aga- 
ricia dominicensis, the species next to be described. 


AGARICIA DOMINICENSIS, new species. 
Plate 109, figs. 1, la. 


The type is a fragment of a frond, 27.5 mm. long, 23 mm. wide, and 
from 1 to 2.5 mm. thick on the lower edge, exclusive of the calicular 
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protuberances. The width of the frond as given is the true width, 
for the specimen is not broken on its lateral edges. Common wall 
solid, naked. Calices are confined to one surface. The outer surface 
is longitudinally finely costate; 16 costae, alternating in size, were 
counted within 5 mm. in two areas. The costae are low, triangular 
in profile, their bases meeting or with an exceedingly fine costal thread 
between them. These costal threads are not included in the count 
of costae within 5 mm. as given above. A row of small granulations 
along each costal edge. 

Calices swallow-nest-like, tend to be arranged in concentric rows 
and series; lower side protuberant about 3 mm. Distance between 
calicular series 4 to 7mm. In the same series adjacent calices con- 
fluent but with separate centers; isolated calices may form part of 
the same row. ‘Transverse diameter of isolated calices from 2.5 to 
4 mm. 

Septa in largest isolated calices 24 in number, 10 of which extend 
to the columeila; asa rule alternately longer and shorter, and alter- 
- nately more and less exsert. Septal margins over the edges of the 
protuberant side of the calices steeply arched but not pointed. 

Septo-costae with very thin edges, as a rule alternately taller and 
lower; 16 within a linear distance of 5 mm. The septo-costae from 
the upper side of a lower calice or calicular series extend as septo- 
costae to the next higher calice or calicular series and continue as 
the septa of the higher calice or series. Synapticulae are highly 
developed. 

Columella a wide, thin, prominent, axial plate. 

Locality and geologic occurrence.—Santo Domingo, station No. 7778, 
Rio Gurabo, zone G, collected by Miss C. J. Maury (type), associated 
with Placocyathus variabilis Duncan. 

Cuba, station 3461, gorge of Yumuri River, Matanzas, collected by 
T. W. Vaughan. 

Type.—No. 324973, U.S.N.M., presented by Miss C. J. Maury. 

Agaricia dominicensis differs from A. anguillensis by the greater 
tumidity and prominence of the lower lips of the calices or calicular 
series; in fact, the lower edge of the calices in A.dominicensis is carried 
upward so that usually it is as high as or higher than the upper side 
of the calicular aperture. It also differs from A. anguillensis in its 
thin, prominent, platelike columella. 

The living Agaricia nobilis Verrill,! found in Florida, Turks Island 
(West Indies), and Porto Rico, is near A. dominicensis. A. nobilis 
has still a more prominent calicular lip, and more prominent and 
strongly alternating septa and septo-costae. 


1 Conn. Acad. Arts and Sci. Trans., vol. 11, p. 150, pl. 28, figs. 1, 2, 1902. See also Agaricia elephantotus 
Vaughan, U.S. Fish Com. Bull. for 1900, vol. 1, p. 310, pl. 17, fig. 1. 
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The three species, naming them in geologically ascending series, A. 
anguillensis, A. dominicensis, and A. nobilis, seem to form an evolu- 
tionary series, the lower side of the calices becoming progressively 
more produced and more prominent, while the alternation in the size 
of the septa and the septo-costae increases. 


Genus PAVONA Lamarck. 
1801. Pavona Lamarck, Syst. Anim. sans. Vert., p. 372. 
1917. Pavona Vaucuan, Carnegie Inst. Washington Pub. 213, p. 132. 
Type-species.—Pavona cristata Lamarck = Madrepora cristata Hllis 
and Solander= Madrepora cactus Forskal. 


PAVONA PANAMENSIS, new species. 
Plate 110, figs. 1, la, 1b, 2, 2a, 3, 3a. 

This species is so variable that formal descriptions of the two 
extremes will be presented. 

The first specimen to be described (pl. 110, figs. 1, 1a, 1b) 1 is from 
station 6016, Empire, Canal Zone. 

Corallum massive or forming thick plates, maximum thickness of 
type 37 mm. 

Calices in more or less definite series; diameter, about 4 mm.; 
distance between series as much as 3.5 mm. Intercalicular areas 
arched or flat. 

Septa strongly alternating in size; about 10 prominent, tall septa 
reach the columella; between each pair of these is a lower, smaller 
septum, occasionally three small between two larger septa; edges of 
the larger septa steep around the columella fossa. 

Septo-costae continuous from calice to calice, strongly alternating 
or in places subequal in size; synapticulae visible between them. 

Columella formed by the fusion of the inner ends of the large septa; 
in some calices it appears to be a central tubercle. 

Dissepiments well developed; 7 within 4 mm. 

The next specimen (pl. 110, figs. 2, 2a) isfrom station 6015, also in 
Empire, Canal Zone. ! 

Corallum forming nodular masses or encrusting dead coral or other 
such objects. The size and form are shown by plate 110, figures 2, 
2a. Another specimen has an attached base and flat upper surface. 

Calices irregularly distributed or in short, indistinct series; diameter 
of the apertures usually range between 2 and 3 mm., as the outline in 
plan is subelliptical or oval the two diameters at a angles are 
rarely equal in the same calice; depth about 1.5 mm.; distance apart 
ranges from a mere dividing all up to 2.5 mm., Shout 1 mm. usual. 
Intercalicular areas flat between fully developed calices. 

Septa, number in fully grown calices 24 to 26; of these about half 
or more than half extend to the columella; around the calicular edge, 


1 Compare the illustrations of this specimen with the figures of D’Achiardi’s Reussastraea granulosa, 
Corall. eocen. Fruli, p. 67, pl. 18, figs. 2a, 2b, 2c, 1875. Reussastraea is a synonym of Pavona. 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 431 


they are thick and subequal, within the calice there is indefinite alter- 
nation in size, and there may be irregular grouping, but usually the 
small septa do not fuse to the sides of the larger. The septal margins 
within the calices fall steeply to the bottom of the relatively large 
fossa. 

Septo-costae continuous from one calice to the next; they are low, 
subequal, and synapticulae are visible between them. 

Columella formed by the fusion of the inner ends of the long septa; 

it is styliform in many calices, and in some it is distinctly compressed. 
A specimen from station 6016, represented by plate 110, figures 
3, 3a, is intermediate in its septal and septo-costal characters between 
the two other specimens above described. 

Localities and geologic occurrence.—Canal Zone, stations 6015 and 
6016, in the Emperador limestone, quarry, Empire, collected by 
T. W. Vaughan and D. F. MacDonald. 

Cotypes.—Nos. 325232, 325334, 325335, U.S.N.M. 

This species has its nearest relative in the livimg P. clivosa, from 
Pearl Island, Bay of Panama. 


Genus LEPTOSERIS Milne Edwards and Haime. 
1849. Leptoseris Minne Epwarps and Haims, Comptes Rend., vol. 29, p. 72. 
Type-species.—Leptoseris fragilis Mine Edwards and Haime. 
LEPTOSERIS PORTORICENSIS, new species. : 


Plate 107, figs. 2, 2a, 2b. 


Corallum forming a rather thick unifacial frond. The type-speci- 
men is a fragment and does not give a definite idea of the size to 
which the corallum grew. It is 45 mm. long, of the same width, 
and 5.5mm. thick. The back is without calices; it is naked and finely 
costate, about 23 costae to 1 cm. The costae are subequal in size, 
alternately larger and smaller, or every fourth may be slightly larger 
than those intervening. The costal edges are narrower than the 
bases and are finely beaded. Intercostal furrows of about the same 
width as the costae. 

Calices not very definitely arranged, occurring in clusters or in 
irregular transverse series. Considerable areas are without calices. 
Each calice is surrounded by from 6 to 9 prominent septo-costae, 
as tall as 2 mm., and 1 mm. thick. Between these on the upper 
(distal) side often there are smaller ones. ew calices may originate 
by budding from the costate area. Diameter of fully developed 
calices, about 4 mm. The septo-costae m the noncaliculate areas 
are coarse, prominent, and equal. Number to the centimeter, 10; 
height as much as 1 mm.; thickness of base, as much as 0.7 mm. 
Edges rather acute and beaded. Intercostal furrows usually nar- 
rower than the costae. Synapticulae present. 
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Columella absent, or slightly developed and false. 

Locality and geologic occurrence.—Porto Rico, station 3191, 4 miles 
west of Lares, in the Pepino formation, collected by R. T. Hill. 

Type.—No. 325231, U.S.N.M. 

It is possible that this species may ultimately be referred to the 
genus Mycediwm, to which it is very close. 


Genus PIRONASTRAEA D’Achiardi. 


1875. Pironasiraea D’Acutarpt, Corall. eocen. del Friuli, p. 76, pl. 15, figs. 2a, 
2b, 3a, 3b, 3c, 3d. 

Type-species.—Pironastraea discoides D’Achiardi,from the Eocene 
at Brazzano, Russitz, Cormons, and Rosazzo, Italy. 

The species Fecor tbe below as Pironastraea anguillensis is essen- 
tially typical of the genus except that the basal epitheca is incom- 
plete, occurring only as shreds in both the type-specimens from 
Anguilla and im a specimen from Porto Rico, collected by Mr. Bela 
Hubbard, of the New York Academy of Sciences Porto Rico expedi- 
tion. The columella of P. discoides, according to D’ Achiardi, is a 
single papilla. 

The following generic diagnosis is based on the two West Indian 
species, P. anguillensis and P. antiguensis, descriptions of which are 
subsequently given: 

Corallum more or less massive or forming thick undulating plates 
which expand from a subcentra! basal attachment. Lower surface 
mostly naked, a few epithecal shreds are present, finely costate; com- 
mon wall synapticular in origin, but in places it is almost or quite 
solid. Upper surface caliculate. 

Calices usually form subconcentric series, some are circumscribed. 
In the series calicinal centers either distinct, or imdistinct as in 
Pachyseris. Separated by rounded collines, of equal slopes on both 
the peripheral and proximal sides; no interserial walls. 

Septa lamellate, with few or no perforations; apparently some per- 
forations near the columella, where the trabecular fusion is incom- 
plete. Septal margins with obtuse, crowded dentations, which are 
compressed transversely to the septal planes, and are more con- 
spicuous around the axial fossa, where the calicinal centers are dis- 
tinct, or along the bottom of the valley where the calicimnal centers 
are indistinct. Columella false, in places a few papillae may be 
recognized. Septo-costae equal in size, directly confluent across the 
collines. 

Syn apticulae sreatly developed, smail, crowded. 

Geologic occurrences.—Oligocene of ieee, SEN Cuba, and 
Porto Rico. 

There seems to be only one genus of corals with een comparisons 
need to be made. Milne Edwards and Haime? proposed Oroseris? for 


1 Polyp. foss. Terr. paléozoiques, p. 130, 1851. 
2 A synonym of Comoseris D’Orbigny, according to Gregory, Juras. Cor. Cutch., pp. 154-156, 1900. 
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a genus, designating as the type-species O. plana M. Edwards and 
Haime, which is a new name for Agaricia sommeringii Michelin ! 
(not Goldfuss), from the middle Oolite of Mecrin and Hannonville 
(Meuse). A part of the description of O. plana is as follows: ‘‘Quelques 
collmes minces et peu saillantes entre lesquelles on voit souvent 
plusieurs séries de centres calicmaux. Ceux-ci sont bien distincts et 
peu profonds.”’ 

The multiple series of calices between collines and the very dis- 
tinct calicinal centers appear to be valid generic differences. Further- 
more in the distinct calices of Pironastraea the columella is false but 
clearly papillary, whereas in Oroseris the columella is rudimentary. 
There may be additional differences in septal] structure not ascertain- 
able from the short description of the type-species of Oroseris. 

Pironastraea differs from Pachyseris by its more distinct calicinal 
centers; but apparently it is the ancestor of the latter genus. 


PIRONASTRAEA ANGUILLENSIS, new species. 
Plate 111, figs. 1, la, 1b; plate 112, figs. 1, la. 


Corallum forming plates as much as nearly 5 cm. thick, and more 
than 12 cm. across. Width of valleys measured between collines 
summits from 2.5 to 5.5 mm., about 4 mm. usual; height of collines 
above the bottom of the axial furrow or of the columella pit about 
3mm. Distance between distinct calicinal centers ranges from 3 
to 4 mm. 

Septa numerous, from 38 to 45 in fully developed calices, most of 
them extend to the axis, some grouping in 3’s at the calicular ends. 
On a septum 2 mm. long about 10 crowded, knot like dentations. 
Septo-costae equal, crowded, 18 were counted within 5 mm. 

The columella fossa, where the calicinal centers are distinct, is a 
small pit, less than 0.5 mm. in diameter. 

Synapticulae abundant, crowded, 7 or more to an interseptal 
loculus. 

Locahiy and occurrence.—Anguilla, stations 6893, 6894, 6966, 
Crocus Bay, T. W. Vaughan collector. A specimen from station 
6966 was obtamed in place between 30 and 50 feet above the base 
of the bluff on the west side of Crocus Bay. 

Porto Rico, Lares Road, zone C, collected by Mr. Bela Hubbard 
of the New York Academy of Sciences Porto Rico Expedition. 

Type.— No. 325174, U.S.N.M., pl. 111, figs. 1, la, 10. 

Paratype.—No. 325175 U.S.N.M., pl. 112, figs. 1, la. 


_ 1 Iconograph zoophytol., p. 105, pl. 23, fig. 2, 1843. 
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PIRONASTRAEA ANTIGUENSIS, new species. 


Plate 112, figs. 2, 2a; plate 113, figs. 1, la. 


Corallum massive. Type a small specimen, 48 mm. long, 32 mm. 
wide, and about 30 mm. thick. Subsequently two larger specimens, 
apparently referable to this species, will be described. 

Width of calicinal series, measured between colline summits 5.5 
mm. to 7.5 mm. Valleys shallow, about 1.5 mm. deep. Collines 
with broader bases than in P. anguillensis, some colline-profiles are 
more triangular than in the latter species, Distance between cali- 
cinal centers in the same series about 4.5 mm, 

Septa numerous, about 48 in a calice 6 mm. in diameter, between 
12 and 14 extend to the axis, other septa shorter, irregularly fused 
im pairs or in groups of three. Around the calicular edges all septa 
are subequal; their thickness about the same as or slightly less than 
the width of the interseptal loculi. The septal margins with bluntish, 
crowded dentations, 20 were counted in a length of 3.4 mm. 

Septo-costae subequal, crowded, each of three counts im different 
places gave 22 to 5 mm. of linear distance. Synapticulae numerous, 
crowded, 9 were counted in a distance of 2.5 mm. along the course 
of a septum. 

Columella false, papillary, not sunken in a definite pit. 

Locality and occurrence.—Antigua, Type (pl. 112, figs. 2, 2a) from 
the Antigua formation, station 6854, Rifle Butts, T. W. Vaughan 
collector; and station 6880, west side of Otto’s estate, T. W. Vaughan 
collector. The last-mentioned specimen is silicified and broken, but 
as it presents the general aspect of the type of P. antiguensis, and has 
from 18 to 22 septo-costae to 5 mm., the specific identity of the two 
Specimens appears certain. 

Cuba, station 7514, about 5 miles nearly due east of monument 
H 4 on the east boundary of the United States Naval Reservation, 
Guantanamo, altitude about 400 feet a. t., collected by O. E. Mein- 
zer. The latter specimen is represented by plate 113, figures 1, la. 

Type.—No. 325177, U.S.N.M. 

Paratype.—No. 325179, U.S.N.M. 

P. antiguensis difiers from P. anguillensis in its more massive 
growth form, wider valleys, lower collines, more numerous septo- 
costae, and the absence of a columella pit. The calicinal centers in 
the specimen from station 7514, near Guantanamo, Cuba, are usually 
jomed by an axial septum extendimg from one to the next center, 
producmg the appearance of an axial lamella. The lamella, how- 
ever, is not a columella, for the calicinal centers are usually recogniz- 
able, and when they are distinct there are a few’ papillae in the 
columellar area. It appears that the well-developed axial lamella is 
one of the specific characters, but the suite of specimens, three in all, 
is too small to be sure of this. 
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Genus SIDERASTREA de Blainville. 


1801. Astrea (part) Lamarck, Anim. sans Vert., p. 371 (not Astraea Bolten, 
; Mus. Boltenianum, p. 79, 1798). 

1815, Astraca Okun, Leb7b. der Naturg., Th. 3, Abth. 1, p. 75. 

1830. Siderastrea De Buatnvitue, Dict. Sci. nat., vol. 60, p. 335. 

1846. Siderina Dana, U.S. Expl. Exp. Zoophytes, p. 218. 

1848. Siderastrea MILNE Epwarps and Haimeg, Comptes Rend., vol. 27, p. 495. 

1857. Astraca MiuNE Epwarps and Vatme, Hist. nat. Corall., vol. 2, p. 505. 

1861. Astrea De Fromentet, Introd. & l’Etude des Polyp. foss., p. 235. 

1886. Siderastraea Queucu, Challenger Exp. Reef Corals, p. 133. j 

1890. Siderastraca VERRILL, In Dana’s Corals and Coral Islands, ed. 3, p. 424. 

1895. Astraea GreGory, Geol. Soc. Lond. Quart. Journ., vol. 51, p. 278. 

1900. Siderastrea Vaucun, U.S. Geol. Survey Mon. 39, p. 154. 

1907. Siderastrea VaucHAN, U.S. Nat. Mus. Bull. 59, p. 136. 


Type-species.— Madrepora radians Pallas. 

In the last publication cited in the synonymy given above I said 
in discussing the genus Pavona: Two of these species [of Pavona], P. 
clavus Dana and Siderastrea maldivensis Gardiner, have been referred 
to the genus Siderasirea, type species Madrepora radians Pallas; and 
they superficially resemble that genus. Upon closer scrutiny an 
additional resemblance is found in the distinct, continuous corallite 
walls, but there are important differences. The septal margins of 
the species [of Pavona] discussed in the foregoing remarks are entire 
or microscopically dentate, and the septal lamellae are absolutely 
solid. In the 5 or 6 species, specimens of which I have studied, there 
is persistently a lamellate columella or a compressed styliform colu- 
mella. The septal margins of Siderastrea are pronouncedly dentate, 
the dentations rounded, one dentation corresponding to each septal 
trabecula. The younger septa are distinctly perforate, the perforations 
not bering confined to the inner edges.” 

It would seem that this clear statement of certain characters of 
Siderastrea should have stopped the erroneous reference to it of such 
species of Pavona as P. clavus Dana and P. maldivensis (Gardiner) 
Vaughan,’ yet Felix in his Die fossilen Anthozoen aus der Umgegend 
von Trinil (Java)? persists in the erroneous reference to it of species 
belonging to another genus or other genera. He places in Siderastraea 
(misspelling the generic name) S. blanckenhorni,-new species, which 
from his figures* and his descripition, is certainly not Siderastrea, 
S. columnaris, new species, S. maldivensis Gardiner, and S. microm- 
mata, new species, no one of which belongs to Siderasirea. 

This is not the only misuse or misunderstanding of the generic 
names of corals by Felix in the paper cited. In others of his publi- 


1 For a discussion of the known living species of Pavona, see Vaughan, Some shoal-water corals from 
Murray Island (Australia), Cocos-Keeling Islands, and Fanning Island, Carnegie Inst. Washington Pub: 
213, pp. 132-139, 1918. Notes on P. maldivensis (Gardiner) Vaughan are given on page 138, and it is illus- 
trated by plate 56, figs. 3, 3a, 3b. 

2 Palaeontographica, vol. 60, pp. 311-365, pls. 24-27, 1913. 

3Idem, plate 27, figs. 6, 6a. 

4Idem, p. 333. 
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cations, he does not follow the accepted canons of systematic zoology, 
an instance being in his application! of Parastraea,? originally named 
by Milne Edwards and Haime, to a species, Parastraea grandiflora, 
erroneously referred to Parastraea by Reuss. There are in the 
United States National Museum specimens of this species received 
from Professor Felix; they belong to a genus of fungid corals related 
to Diploastrea Matthai, but I am not decided as to their generic 
identification. However, they most emphatically do not belong to 
Parasirea. Other instances of similar errors in Felix’s work might 
be mentioned. 

In order to present properly the systematic affinities of the species 
of Siderastrea that need to be considered in this paper, it is desirable 
to discuss all Oligocene and later species known from the West 
Indies, Central America, and the southeastern United States. S. 
stellata Verrill from Brazil is also included. 

Siderastrea is represented in the living Caribbean and Floridian 
fauna by S. radians (Pallas) and S. siderea (Ellis and Solander). 
The tossil species hitherto described from the West Indies are as 
follows: 

S. conferta (Duncan)? (as Isastraea) from Antigua. 

S. crenulata var. antillarum Duncan * from Santo Domingo. 

S. grandis Duncan * (syn. of S. siderea) from Jamaica. 

S. parvana (Duncan)® (as Astraea) trom St. Croix, Trinidad. 

S. confusa (Duncan)’ (as /sastraea) from St. Croix, Trinidad. 

S. hexagonalis Vaughan* from the Eocene Clayton limestone, 
Prairie Creek, Alabama. 

S. clarki Nomland ® from the Oligocene Agasoma gravidum zone, 
Contra Costa County, California. 

S. mendenhalla Vaughan,'° Pliocene, Carrizo Creek, California. 

S. californica Vaughan," Phocene, Carrizo Creek, California. 

Neither the Californian species nor the Eocene S. hexagonalis will be 
specially considered here. 

Dunean’s S. crenulata var. antillarum is probably a synonym of 
S. siderea; his S. grandis is certainly asynonym of S. siderea. Addi- 


! Palaeontographica, vol. 49, p. 181, 1903. 

2 Parastrea Milne Edwards and Haime, Comptes. Rend., vol. 27, p. 495, 1848; examples Astrea rotulosa 
and A. ananas Lamarck. Placed in the synonymy of Favia by Milne and Haime, Hist. nat. Corall., vol. 
2, p. 426. 

8 Geol. Soc. London Quart. Journ., vol. 19, p. 422, pl. 14, fig. 2, 1863. 

4 Idem, p. 435. 

5 Idem, p. 441, pl. 16, figs. 5a, 5d. 

6 Geol. Soc. London Quart. Journ., vol. 24, p. 14, 1867 

7 Tdem, p. 14, pl. 2, fig. 6. 

8 U.S. Geol. Survey Mon. 39, p. 155, pl. 18, figs. 1-4, 1900. 

9 Univ. Calif. Pub., Bull. Dept. Geology, vol. 9, p. 65, pl. 5, figs. 3, 4, 1916. 

U.S. Geol. Survey Prof. Pap. 98-T, p. 374, pl. 101, figs. 3, 3a, 4, and var. minor, Idem, p. 375, pl. 102, 
fig. 1, 1917. 

11 Tdem, p. 375, pl. 102, figs. 2, 2a, 3, 4. 
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tional specimens of S. pariana and S. confusa from St. Croix, Trinidad, 
are needed before those species can be adequately characterized, but 
the original descriptions of them are included. Therefore, the fol- 
lowing old names are adopted in the discussion here given: 

S. radians (Pallas), living. 

S. siderea (Ellis and Solander), living; fossil in the Miocene Bowden 
marl of Jamaica and in deposits of similar age in Santo Domingo and 
Cuba. 

S. stellata Verrill, living. 

S. conferta (Duncan), fossil. 

S. pariana (Duncan), fossil. 

S. confusa (Duncan), fossil. 

T am describing as new five species and one variety as follows: 

S. pourtalest, upper Oligocene or lower Miocene of Santo Domingo. 

S. pliocenica, Pliocene Caloosahatchee marl, Florida. 

S. hillboroensis, lower Miocene Alum Bluff formation, Florida; 
Oligocene Chattahoochee formation. 

S. silecensis, Oligocene Tampa formation, Florida, and Chatta- 
hoochee formation, Florida and Georgia; lower Miocene, Alum Bluff 
formation, Florida. 

S. dalli, Pliocene Caloosahatchee marl, Florida. 

These species may be divided into five groups on the basis of the 
number of septa. The first group has only three cycles of septa and 
contains one species; the second group has the fourth cycle of septa 
incomplete; the third normally has four complete cycles and occa- 
sionally a few quinaries; the fourth has uniformly a few quinaries in 
fully developed calices; the fifth has from 12 to 43 quinary septa in 
fully developed calices. The following synopsis of some striking 
characters may aid in recognizing the different species: 


SYNOPSIS OF CHARACTERS OF SPECIES OF SIDERASTREA,. 


Omiygarcycles Olseptas.--- 24sec coe t eee s cose c ile sine oe 1. S. pariana (Duncan). 
Fourth cycle of septa incomplete. 
Columellar fossa a pronounced pit. 
Calices rarely 4 mm. in diameter. 
Columella composed of from 1 to 3 fused papillae. 2. S. radians (Pallas). 
Calices deformed, lesser diameter 2 to 3 mm., length as much as 6.5 mm., or 
more. 
Columella finely papillary...............-2....-- 3. S. stellata Verrill. 
Columellar fossa only moderately deep. 
Calices 2.5 to 5 mm. in diameter. 
Columellavfalse.: 5.252352 622 BE POET Hee 4. S. confusa (Duncan). 
Columellar fossa shallow, calices shallow and open. 
Wall delicate, interseptal loculi relatively open. 5. S. pourtalesi, new species. 
Wall stout, interseptal loculi narrow, largely closed by granulations and 
syapticulae (fourth cycle complete in some large calices). 
6. S. pliocenica, new species. 
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Fourth cycle of septa normally complete, a few quinaries in large calices. 

Columellar fossa not very deep; lesser diameter of calices from 4 to 6 mm.; tertiary 
septa fuse to secondary distinctly back from the columella; about 4 septal teeth 
to 1 mm. (fourth cycle of septa incomplete in some calices). 

‘ 7. S. hillsboroensis, new species. 

Columellar fossa deep, rather narrow at the bottom; calices 3 to 5 mm. in diam- 
eter; tertiary septa normally fuse to secondaries distinctly back from the 
columella; 6 to 8 septal teeth to 1 mm.... 8.! S. stderea (Ellis and Solander). 

Four complete cycles and normally some quinaries septa. 

Columellar fossa rather deep and wide bottomed; calices 5 to 7, even 8 mm, in 
diameter; tertiary septa fuse to secondaries near or at the columella; septa and 
septal teeth less numerous than in No. 11; septal teeth not transversely com- 
pressed and frosted as in No. 10.................. 9. S. silicensis, new species. 

Columellar fossa shallow, calices widely open; calices 5 to 6.5, even 8, mm. in max- 
imum diameter; tertiary septa fuse to secondaries near the columella; septal 
teeth numerous, crowded, transversely compressed, finely frosted. 


; 10. S. dalli, new species. 
Four complete cycles of septa and many quinaries. 


Columellar fossa shallow or rather deep and narrow; calices from 4.25 to 6, up to 
8.5 mm. in maximum diameter; septa numerous, up to 91 in large calices, thin 
crowded; septal teeth small, crowded............. 11. 8. conferta (Duncan). 


The foregoing is mtended to aid m the preliminary placing of a 
species with reference to the other members of the genus, and is not 
a complete summary of characters. The details of the mural charac- 
ters, the relative thickness and crowding or remoteness of the 
septa, the septal trabeculae, the dentation of the septal margins, the 
distribution and size of the synapticulae, and the details of the 
columella, all need to be considered. For these additional details 
the descriptions and the rather elaborate illustrations must be con- 


sulted. 
1, SIDERASTREA PARIANA (Duncan). 


1867. Astraea pariana Duncan, Geol. Soc. London Quart. Journ., vol. 24, 
pp. 14, 24. 


Original description.—‘‘The corallum is massive and rather tall 
and its upper surface is flat. The corallites are slender, tall, crowded, 
and equal. The calices are small, and the fossa is rather deep. The 
columella presents one rounded process. The septa are in six sys- 
tems and there are three cycles; they are alternately large and small, 
and the smallest usually unite to the large septa; they are faintly 
dentate. The laminae present on their sides sets of granules in 
horizontal but wavy lines. The endotheca is rare. The diameter 
of the calices is one-twelfth inch [2 mm.].”’ 

Locahity.—St. Croix, Trinidad. 


18. siderea var. dominicensis, new variety, is like S. siderea except that it has larger calices and corre- 
spondingly a number of quinary septa. 
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2. SIDERASTREA RADIANS (Pallas). 
Plate 114, fig. 1. 


1766. Madrepora radians Pautuas, Elench. Zooph., p. 322. 

1767. Madrepora astroites LINNABUS, Syst. Nat., ed. 12, p. 1276 (not Pallas, 
1766). 

1786. Madrepora galavea Evtis and SouaNnperR, Nat. Hist. Zooph., p. 168, 
pl. 48, fig. 7. 

1801. Astrea galazea LAMaARCK, Syst. Anim. s. Vert., p. 371. 

1815. Astraea radians seu astroites OKEN, Lehrb. Naturgesch., Th. 3, Abth 1, 
p. 69. 

1830. Astrea (Siderastrea) galavea Dk BuatNvitier, Dict. Sci. nat., vol. 60, p. 
330. 

1834. Astraea astroites EHRENBERG, Cor. Roth. Meer., p. 95 (of separate). 
(Not Explanaria galavea Ehrenberg=Cyphastraea savignyi Milne Edwards 

and Haime.) 

1846. Siderina galaxea Dana, U. S. Expl. Exped. Zooph., p. 218, pl. 10, 
figs. 12, 12b, 12c (no figs. 12a, 12d). 

1880. Siderastraea galaxea Pourtaués, Mus. Comp. Zool. Mem., vol. 7, pt. 1, 
pl. 11, figs. 14-31; pl. 15, figs. 1-12, 

1895. Astraea radians Grecory, Geol. Soc. Lond. Quart. Journ., vol. 51, p. 277. 

1901. Siderastrea radians VauGuan, Geolog. Reichs. Mus. Leiden Samml., ser. 2, 
VOle Zee iole s 

1901. Siderastrea radians VAUGHAN, U. 8. Fish Com. Bull. for 1900, vol. 2, p. 
309, pl. 15, pl: 16, fig. 2. : ; 

1902. Siderastraea radians Verrmu, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 
153. pl. 30, fig. 1. 

1904. Siderastrea radians DuERDEN, Carnegie Inst. Washington Pub. No. 20, pp. 
1-130, 11 plates. 

1915. Siderastrea radians VAUGHAN, Washington Acad. Sci. Journ., vol. 5, p. 597. 

1916. Siderastrea radians VAUGHAN, Nat. Acad. Sci. Proc., vol. 2, pp. 95 et passim. 

1916. Siderastrea radians VAUGHAN, Carnegie Inst. Washington Yearbook No. 14, 
p. 228. 

This is one of the best known species of Antillean corals. Its 
most important characters may be summarized as follows: Calices 
more or less deformed or subhexagonal; diameter from 2 to 4 mm. ; 
septa in 3 complete cycles; fourth cycle normally incomplete. Outer 
part of septal margins flattened above, mner part falls steeply, 
almost perpendicularly, to the bottom of the columellar fossa; septal 
dentations relatively coarse, 12 to 14 on long septa. Columella 
usually composed of two or three solidly fused papillae. AJl of these 
characters are shown on plate 35, figure 1. 

Locality and geologic occurrence.—Canal Zone, stations 5850 and 
6039, Pleistocene, Mount Hope, collected by D. F. MacDonald. 
Common on the living and Pleistocene reefs and reef flats of eastern 
Central America, the West Indies, and Florida; on the living reefs 
and reef flats of the Bermudas. 

37149—19—Bull. 103——_17 
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3. SIDERASTREA STELLATA Verrill. 
Plate 115, figs. 2, 2a, 2b. 


1868. Siderastraea stellata VERRILL, Conn. Acad. Arts and Sci. Trans., vol. 1, p. 352. 
1901. Siderastrea stellata VAUGHAN, Geolog. Reichs. Mus. Leiden Samml., ser. 2, 
vol. 2, p. 62. 
1902. Siderastraea stellata VeRRILL, Conn. Acad. Arts and Sci. Trans., vol. 11, 
p. 155, pl. 30, figs. 4, 5. 

This species resembles S. radians in usually having the fourth 
cycle of septa incomplete, in the flattened outer margins and very 
_ steep inner margins of the septa, and a deep columellar fossa. It 
differs, as a comparison of the figures shows, by having deeper calices, 
which may be meandriform, by its more coarsely dentate septa, and 
by its much less developed, finely papillate columella. It is a very 
distinct species and is not a synonym of S. siderea, as Gregory sup- 
posed.t The specimen figured (pl. 115, figs. 2, 2a, 2b) is No. 36859, 
U.S.N.M. 

Locality and geologic occurrence.—‘‘It is widely distributed on the 
coast of Brazil; Bahia, Abrolhos reefs, etc.;’’ living. 


4. SIDERASTREA CONFUSA (Duncan). 


1867. Isastraea confusa DuNcAN, Geol. Soc. London Quart. Journ., vol. 24, pp. 
14, 24, pl. 2, fig. 6. : 

Original description.— ‘The corallum is short, and covers much 
space. The corallites are very irregular in size, and the calices also. 
The fossa is moderately deep, and presents a false columella. The 
septa are thick, and unite laterally in sets of three, four, or six. The 
free margin is faintly dentate. The largest calices have four cycles 
of septa in six systems; but usually only three cycles are found in 
smaller calices. The diameter of the calices is from one-tenth to 
four-tenths inch 2.5 to 10 mm.”’ 

Locality.—St. Croix, Trinidad. 


5. SIDERASTREA POURTALESI, new species. 
Plate 115, figs. 1, la. 
1875. Siderastraea galaxea PouRTALES, Geol. Mag., new ser., dec. 2, vol. 2, p. 545. 


The specimen identified by Pourtalés as Siderastrea galaxea (Ellis 
and Solander) = Siderastrea radians (Pallas), the older name, is not 
that species, but as it is closely related the following is a comparative 
diagnosis. 

In growth, form, size of calices, and septal arrangement, Siderastrea 
pourtalesi is similar to S. radians, but the wall is very thin, even 
interrupted, zigzagging between the thick outer ends of the wedge- 
shaped septa. The interseptal spaces are relatively wide and are 


1 Geol. Soc. London Quart. Journ., vol. 51, p. 279, 1895. 
2 Verrill, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 155, 1902. 
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conspicuously open. Synapticulae are present, but they are rather 
searce, and are delicate. The delicate wall and synapticulae and the 
relative openness of the interseptal loculi constitute striking differ- 
ences from the appearance presented by S. radians. 
Locality.—Santo Domingo, collected by W. M. Gabb. 
Type.—Museum of Comparative Zoology. 


6. SIDERASTREA PLIOCENICA, new species. 
Plate 118, figs. 2, 2a, 2b, 3. 


Twelve specimens, all of them excellent, serve as the basis of the 
following specific diagnosis. One is designated as the type in the 
collection. 

The corallum usually forms a rather small rounded head, but a 
few are elongate, and one is flattish, sublamellate. The heads attain 
a diameter of between 45 and 50 mm. About a third of the speci- 
mens show signs of having been attached or have not calices uni- 
formly distributed over the whole outer surface of the corallum. 

The coralites are rather large, and are rather uniformly hex- 
agonal or pentagonal; usual diameter is 4.5 to 5 mm.; intercorallite 
wall distinct and zigzag in plan. The calices are shallow or super- 
ficial. 

Septa thick, usually in almost four complete cycles, the fourth 
cycle is as a rule absent in one or-two systems. Septal margins 
dentate, each dentation rounded, corresponding to the upper termi- 
nation of a septal trabecula, the number of dentations on a septum 
of the first cycle varies from 8 or 9 to 13. The length of such a 
septum is almost 2.5 mm. Septal grouping is as usual in the genus, 
the members of the first cycle are continued directly to the colu- 
- mellar space and do not form parts of septal groups; the members 
of the second cycle, also, are continued directly to the columellar 
space, but each member of this cycle is the middle of a septal group, 
the members of the third cycle bend toward it, and the members 
of the fourth bend toward the included member of the third. Along 
the course of each trabecula is a regular row of granulations, which 
are compressed in a plane transverse to the longitudinal course of 
the trabecula. Septal perforations are frequent near the inner 
margins of the septa, usually occurring in the intertrabecular spaces, 
but in places a large perforation interrupts a trabecular course. 
The perforations become rarer as the wall is approached. Com- 
pletely imperforate septa are very rare or do not exist at all. 

Both synapticulate and dissepimental endotheca is present. In 
places as many as four or five vertical rows of synapticulae can be 
distinguished. Very thin dissepiments are abundant. The wall is 
formed by synapticulae that are so elongated in a vertical row that 
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they fuse and produce a continuous wall with only an occasional 
perforation. 

The columella is papillary, about two papillae being larger than 
the others. In worn specimens it.is very prominent, appearing com- 
pressed styliform. 

Locality and geologic occurrence.—Florida, Caloosahatchee River, 
collected by W. H. Dall; Shell Creek, Florida, collected by Doctor 
Griffith; Pliocene. 

Type.—No. 325184, U.S.N.M. 

Paratype.—No. 325185, U.S.N.M. 

The most striking differences between S. pliocenica and S. radians, 
to which it probably has the greatest affinity, are its larger and 
much shallower calices. S. californica Vaughan from the Pliocene of 
Carizo Creek, California, is a nearly related species. 


7. SIDERASTREA HILLSBOROENSIS, new species. 
Plate 117, fig. 2. 


Description of the type.—Corallum massive, composed of long, 
prismatic corallites. No entire corallum is available for description, 
but the height may certainly exceed 10 cm. 

Diameter of a large corallite, 5.5 mm.; of a smaller one, 4 mm. 
The two measurements indicate the range in diameter. 

Septa normally in 4 cycles, the fourth cycle complete or almost 
complete, arranged as follows: The six primaries extend directly to 
the columella and are free from fusion with other septa; the seconda- 
ries also extend to the columella, near which the tertiaries fuse to 
sides of the included secondaries; the quaternaries fuse to the sides 
of the included tertiary system about halfway between the wall and 
the columella. The fourth cycle is incomplete in a few quarter sys- 
tems of some calices. The primaries and secondaries are of about 
equal thickness; the tertiaries slightly thinner, and quaternaries 
still thinner. The number of dentations on the septal margins was 
estimated from the number of septal trabeculae, as the septal margins 
are not preserved; it is 9 or 10. 

Synapticulae well developed; in each interseptal loculus; three or 
four are usually conspicuous between the wall and halfway from 
it to the columella. Although the upper septal margins are not pre- 
served, it seems probable that there is a flattened area between 
adjacent calicular fossae in perfect specimens. 

Columella false, but strongly developed by the axial fusion of the 
inner ends of the primary and secondary septa. 

Localities and geologic occurrence.—Station No. 4890, Tampa brick- 
yard, 5 miles northeast of Tampa, Florida, in the Alum Bluff forma- 
tion, G. C. Matson collector, the type; in the Alum Bluff formation 
at station No. 3836, near Alachua, Florida, T. W. Vaughan collector; 
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and at White Springs, Florida, T. W. Vaughan and L. W. Stephen- 
son, collectors. Station 7076, in the Chattahoochee formation, 12 
miles below Bainbridge, Georgia, on the east bank of Flint River, 
collected by C. W. Cooke and W. C. Mansfield. 

Type.—No. 325183, U.S.N.M. 

Paratype.—No. 325155, U.S.N.M., the specimen described below. 

The diagnosis of S. hallsboroensis was written and the figures made 
to illustrate it before an interesting specimen from 12 miles below 
Bainbridge came to my notice. This specimen, which is a subcy- 
cilindrical segment of a more or less columnar corallum, has a maxi- 
mum horizontal diameter of 160 mm., and a vertical thickness of 75 
mm. The entire corallum was rather large. The septal margins 
over considerable areas are somewhat elevated around the calicular 
fossae and the rims are separated by depressed interspaces that in 
places are as much as 2 mm. across. Adjacent corallites, however, 
are separated by simple common-walls. The number of septa in 
fully developed calices ranges from a few less than to about four 
complete cycles, grouped as in the types of the species. The septal 
dentations are strikingly large. The following table gives the dimen- 
sions of several corallites, the number of septa, the number of septal 
teeth within 1 mm., and the character of the columella: 


Dimensions of corallites, etc., in Siderastrea hillsboroensis. 


Number 


Corallite No. Diameter corallites. of septa. 


Septal teeth. | Columella. 


POTS Sue ox 


S.hillsboroensis has some corallites of nearly the same size as those of 
S. stlecensis, but they average smaller; it has thicker and relatively 
fewer septa,which fuse into groups farther from the columella; and 
the septal teeth are distinctly coarser. 


8. SEDERASTREA SIDEREA (Ellis and Solander). 
Plate 114, figs. 2, 3; plate 122, figs. 1, 2, 2a, 26, 3, 3a. 


1786. Madrepora siderea Exits and SoLANDER, Nat. Hist. Zooph., p. 168, pl. 49, 
fig. 2. 

1816. Astrea siderea LaMARCK, Hist. nat. Anim. s. Vert., vol. 2, p. 267. 

1830. Astrea (Siderastrea) siderea DE BuAINvitLE, Dict. Sci. nat., vol. 60, p. 335. 

1834. Astraea tricophylla EHRENBERG, Cor! Roth. Meer., p. 95 (of separate) 
(fide Milne Edwards and Haime). 
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1846. Pavonia siderea Dans, U. 8. Expl. Exped. Zooph., p. 331. 
1850. Siderastrea siderea MILNE Epwarps and Haime, Ann. Sci. nat., ser. 3, 
- Zool., vol. 12, p. 141. 
1857. Astraea siderea MttNE Epwarps and Hate, Hist. nat. Corall., vol. 2, 
p. 509, pl. D7, fig. 2 


1863. Siderastraea grandis Duncan, Geol. Soc. London Quart. Journ., vol. 19,— 


p. 441, pl. 16, figs. 5a, 5b. 

1871. Siderastraea siderea PourtaLks, Mus. Comp. Zool. Ill. Cat. No. 4, p. 81. 

1895. Astraea siderea GREGORY, Geol. Soc. London Quart. Journ., vol. 51, p. 278. 

1901. Siderastrea siderea VAUGHAN, Geolog. Reichs-Mus. Leiden Samml., ser. 2, 
vol. 2, p. 62. 

1901. Siderastrea siderea VauGHAN, U.S. Fish. Com. Bull. for 1900, vol. 2, p. 309, 
pl. 14, figs. 1, 2; pl. 16, fig. 1. 

1902. Siderastraea siderea VerrtL, Conn. Acad. Arts and Sci. Trans., vol. 11, 
p. 151, pl. 30, figs. 2, 3. 

1903. Siderastraea siderea DuERDEN, Nat. Acad. Sci. Mem., vol. 8, p. 588, pls. 
22-24, figs. 150-160. 

1915. Siderastrea siderea VAUGHAN, Washington Acad. Sci. Journ., vol. 5, p.« 597. 

1916. Siderastrea siderea VAUGHAN, Carnegie Inst. Washington Veal No. 14, 


p. 228. 

This species forms much larger masses than S. radians, the other 
abundant living species of Siderastrea in the West Indies aad Florida, 
and is acommon exposed-reef coral. The calices average larger than 
in S. radians, usually 4 to 5 mm. in diameter, occasionally smaller, 
3 to 3.5 mm. in diameter. The intercorallite walls are more acute 
and the septal margins are more sloping; but, as is shown on plate 
114, figure 3, on some areas the corallite wall may occur in a slight 
depression (pl. 114, fig. 2). The septa are normally in four complete 
cycles, arranged as in figure 3, on plate 114. The tertiary septa fuse 
to the secondaries, and the quaternaries to the tertiaries nearer the 
wall than in S. silecensis, the next species to be described. The 
septal margins are more finely dentate than in S. radians, and usually 
the columella is distinctly, finely papillate. 

The foregoing notes are on shallow-water specimens, and apply to 
specimens ranging in locality from Barbados to the Bahamas in the 
West Indies, from Central America, and from Florida. About one- 
half mile south of Loggerhead buoy, Tortugas, in water between 8 
and 9 fathoms, I dredged three specimens of S. siderea that show very 
interesting variation. The size and shape of the calices, the character 
of the wall, the number of septa, and the axial fossae are as usual 
in the species; but the septa are thicker, the septal pectinations are 
more conspicuous, and the columellar papillae are solidly fused or 
there is a single, stout, compressed axial tubercle. A group of calices 
is shown on plate 122, figure 1. These specimens agree in all essen- 
tial particulars with a specimen from the Bowden ee of Jamaica, a 
description of which follows: 

Description of specimen from Bowden, Jamaica (pl. 122, figs. 3, 3a).— 
Corallum with a rounded upper surface and a flattish base; epithe- 


Uo an 
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cate around the edge. Transverse diameters, 36 by 38 mm.; height 
26 mm. 

Calices irregularly polygonal, excavated on top of the corallum, but 
shallow near its edges. Length of largest calices, 5.5 mm.; width 
_ of largest calices, 3.5 to 4mm.; 4 to 4.5 mm. about the usual diame- 
ter; depth between 2 and 2.25 mm. ‘The area between adjacent 
calicular depressions is relatively acute, the wall usually traceable 
along the summit as a slightly raised zigzag or straight line. 

Septa thicker than the width of the interseptal loculi; four com- 
plete cycles and in the larger calices some quinaries; primaries and 
secondaries extend to the columella, subequal, or the primaries 
shightly larger; tertiaries fuse to the included secondary about two- 
thirds the distance from the wall to the center of the calice or very 
near the columella; quaternaries fuse to the included tertiary about 
one-third or one-half the distance from the wall to the calicular 
center; quinaries where present fuse to the included quaternary. 

Septal margins slope gently from the wall to about half the distance 
toward the calicular center and then incline steeply to the outer edge 
of the columella. The dentations are small, crowded, and bluntish 
or rather acute, more pointed near the columella, compressed in 
planes transverse to the septal planes; 15 were counted on a septum 
2.5 mm. long; in other words, 6 within 1 mm. 

Synapticulae crowded near the wall, 3 within 1 mm. measured 
down the septal slope from the wall edge. 

Columella small, false, papillary; a central, styliform papilla notice- 
able in many calices. 

Description of a specimen collected by Miss C. J. Maury wm Santo 
Domingo, Rio Cana, zone H (pl. 122, figs. 2, 2a, 2b).—Corallum a small 
mass, with a flattish base and a rounded upper surface. Diameter, 
26 by 28 mm.; height, 15 mm. 

Calices shallow, polygonal, usually one diameter longer than the 
other, separated by narrow, straight, or zigzag walls. Diameter of 
largest calice,6mm.; about 4 mm. a usual measure of the diameter. 

In the largest calice (6 mm.in diameter) there are 52 septa, which, 
according to the usual practice of assigning septa to cycles, would 
represent 4 complete cycles and 4 quinary septa. Fifteen septa, 
6 primaries, 6 secondaries, and 3 tertiaries, extend to the columella, 
and 2 other tertiaries fuse to the included secondary almost at the 
periphery of the columella. Where quinary septa are present it is 
difficult to distinguish between primaries and secondaries, and 
between the elongate tertiaries and the secondaries. In a calice 4 
mm. in diameter the septal arrangement is more definite; there are 
46 septa, the quaternaries not being developed in one quarter 
system. The tertiaries fuse to the secondaries either rather near 
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the columella and the quaternaries to the tertiaries about halfway 
between the wall and the columella, or somewhat nearer the columella. 
At the wall the thickness of the septa and the width of the interseptal 
loculi are nearly the same, but farther within the calice the septa 
are thinner and the loculi are wider. 

_ Next the wall the septal margins are usually flattened from above, 
producing a flat area ranging from about 0.5 to about 1 mm. wide, its 
inner edge marked by a ring of synapticulae, and the wall forms a 
more or less median shghtly raised ridge. From this area the margins 
slope slightly to the bottom of the calicular fossa. The peripheral 
flat zone is not present in all calices; in many there is a gradual slope 
or a gently convex curve from the wall to the bottom of the calice. 
On the septal margins are fine, crowded, bluntish dentations, which 
in many instances are compressed transversely to the septal plane. 
About 16 were counted on a septum 2 mm. long; 12 were counted 
on another septum 1.5 mm. long. The number, therefore, is between 
8 and 9 for a distance of 1 mm. The septal faces are closely beset 
with blunt granulations. Synapticulae well developed near the wall. 

Columella rather small, with a delicately papillate upper surface 
in the best-preserved calices. 

This Santo Domingan specimen has greatly puzzled me, perhaps 
partly because it is immature. The calices are shallow, not having a 
distinct axial fossa, as in typical S. sidevea, and the septal dentations 
are more numerous than is usual in S. siderea. As the calices of the 
Bowden specimen are excavated on the top of the corallum and 
superficial near the lower edge, the shallowness of the calices of the 
Santo Domingan specimen does not seem a sufficient basis for referring 
it toa different species. Although the septal dentations are finer than 
the average in S. siderea, they are not finer than the dentations on the 
outer prolongations on some of the septa of the specimens represented 
by plate 35, figures 2, 3, in which there are 8 or 9 fine teeth within 1 
mim. outside the calicular fossa. For these reasons it seems to me 
that the Santo Domingan fossil should be referred to S. siderea; 
and I believe that the coral designated as Siderastraea crenulata 
var. antillarum' by Duncan should also be referred to S. siderea. 
Duncan says that his variety antillaruwm is near S. siderea. I ex- 
amined Dunecan’s type in the collection of the Geological Society 
of London. It is a flattened mass, rounded above. Calices irregu- 
larly polygonal or hexagonal, separated by sharp walls; diameter 
4 to 5mm. Septa in four complete cycles, margins beaded. Col- 
umella papillary, in some calices terminated by several stout knobs. 

Fossil specimens obtained by me at station 3446, in the La Cruz 
marl, first deep cutting east of La Cruz, near Santiago, Cuba, differ 


1 Geol. Soc. London Quart. Journ., vol. 19, p. 435, 1863. 
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in no noteworthy character from typical S. s¢derea. One specimen 
from this locality is i87 mm. across. 

Localities and geologic occurrence.—Miocene: Jamaica, Bowden 
marl, received from Hon. T. H. Aldrich. Santo Domingo, Rio Cana, 
Zone H, collected by Miss C. J. Maury. Cuba, La Cruz mazrl, 
station 3446, near Santiago, collected by T. W. Vaughan. 

Pleistocene: Canal Zone, at station 5849, Mount Hope; and Costa 
Rica, station 6251, Monkey Point, collected by D. F. MacDonald; 
Moin Hill, Costa Rica, collected by H. Pittier. 

This species is general in the Pleistocene and living reefs of the 
West Indies, eastern Central America, and Florida. 

The stratigraphic range of S. siderea is from the horizon of the 
Bowden mari to the present. 


8a. SIDERASTREA SIDEREA var. DOMINICENSIS, new variety. 


Plate 114, figs. 4, 4a. 


This variety differs from typical S. siderea by having much larger 
calices, which are as much as 6 mm.in diameter in a nearly hexagonal 
ealice, and 4.5 by 8 mm. in diameter in a much deformed calice; and 
corresponding to the greater size of the calices, there are many quinary 
septa. Otherwise there seems to be no important difference, for the 
septal slopes, the septal dentations, the columellar pit, and the 
papillary columella are about normal. 

S. siderea var. dominicensis resembles S. conferta (Duncan) in 
possessing more than 4 cycles of septa, but according to the size of the 
calices the septa of S. conferta are more numerous, more ‘crowded, 
and have more finely dentate septal edges; and the calices of S. 
conferta are shallower and more open. 

‘Locality and geologic occurrence.—Haiti, living, collected by Lang- 
ston, no more definite information. 

Type.—No. 36909, U.S.N.M. 


9. SIDERASTREA SILECENSIS, new species. 
Plate 116, figs. 1, la, 2, 3; plate 117, figs. 1, 1a, 1b; plate 118, figs. 1, la. 
1915. Stderastrea silecensis VAUGHAN, nomen. nudum, U.S. Nat. Mus. Bull. 90, p. 18. 


The following is a description of the type of the species (pl. 116, 
fos. 1, la). 

Corallum massive, with domed upper surface. Greater diameter 
of specimen 170 mm.; lesser diameter 140 mm.; thickness, originally 
more than 85 mm. 

Calices polygonal, separating wall usually shghtly raised. The 
peripheral part of the septal margins is flattened, producing between 
adjacent calicular fossae a flat area which ranges from 0.5 to 1.5 mm. 
in width. Diameter of an adult calice, measured between the thecal 
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summits, 5 mm.; some oblong calices are as much as 7 mm. long and 
5 mm. wide. Depth of calices, 1.5 mm. 

Septa, number in a calice 5 mm. in diameter, 50—1. e., 4 complete 
cycles and 2 quinaries; in a calice 6 mm. long and 4.5 mm. wide, the 
number is 48, precisely 4 cycles. The usual number of septa is 
4 complete cycles, with a few quinaries in large calices. Around the 
calicular margins the septa are subequal in size, the outer ends of the 
quaternaries being only slightly smaller than those of the members 
of the lower cycles. The interseptal spaces average slightly wider 
than the thickness of the septa. Within the calices the primaries 
and secondaries are only faintly larger than the tertiaries. There is 
the usual septal fusion of tertiaries to secondaries and quaternaries 
to tertiaries, but the tertiaries may almost or actually reach the colu- 
mella area while the quaternaries extend more than half way from 
the wall to the columella. 

The upper flattened part of the septal margins is beaded; within a 
distance of 1 mm., 5 rounded dentations were counted; between the 
place where the septa drop downward in the calicular fossa and the 
columella the number of dentations on the long septa is between 8 
and 10; the total number on the large septa is, therefore, between 13 
and 15. Synapticulae well developed, rather coarse, as would be 
expected from the relatively coarse septal trabeculae. 

Columella weakly developed; upper surface papillary, but in many 
instances crossed by directive septa which meet in the corallite axis. 

Locality and occurrence of type specuomen.—Station 3694, pine woods, 
Waukulla, Florida, T. W. Vaughan collector; Chattahoochee forma- 
tion. 

Type.—No. 825187, U.S.N.M. 

The following is a description of a young, encrusting corallum 
without a locality label, but almost certainly from the “‘silex” bed at 
Tampa, Florida. (See pl. 116, fig. 3.) 

The calicular cavities are slightly excavated, between 0.75 and 1 
mm. deep; separated by intervening flattish areas which are from 1.5 
to a little more than 2 mm. across and are faintly furrowed where 
adjacent corallites meet. The corallite wall may usually be recog- 
nized as a raised thread-like ridge in the intercorallite furrow. Coral- 
lite diameter from 5 to6.5 mm. 

Septa in 4 complete cycles with 6 or a few more quinaries in the 
larger calices. The septal dentations are serrate or rounded, about 
13 on the long septa. 

Columella with a papillary upper surface, but some calices show 
considerable stereoplasmic deposit around the papillae with tendency 
toward the formation of a compact columella. 

A specimen from the “‘silex”’ bed at Ballast Point, Tampa, collected 
by C. W. Cooke, has some calices that duplicate those of the specimen 
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just described, but in other calices the septa and columella are thick- 
ened, the columella in some calices being.a more or less papillate 
compressed axial plug. The variation from the normal is similar to 
the variation exhibited by the specimens of S. siderea from a depth 
of about 9 fathoms south of Tortugas, described on page 444. 

Another specimen from Ballast Point has calices up to as large as 
5 by 6.5 mm. in diameter. A large calice has 64 speta. Except in 
having rather large calices and correspondingly more septa, this 
specimen does not seem to differ in any important particular from 
the type of the species. 

Plate 117, figures 1, 1a, 16, illustrates a variant from Coronet 
Phosphate Mine, station No. 6043, G. C. Matson collector. The 
calices in it are from 7 to a little more than 8 mm. in diameter. A 
calice, 6.5 by 8 mm. in diameter, of this specimen has 66 septa. 

A specimen from station 6084, Withlacoochee River, 3 miles below 
Valdosta, Lowndes County, Georgia, has in a calice 6 by 7 mm. in 
diameter 64 septa and in a calice 5.5 by 7 mm. in diameter 72 septa. 
This specimen very closely approaches S. conferta (Duncan), but 
appears to have on the average fewer septa than S. conferta. Perhaps 
these specimens that have over 60 septa should be separated from 
S. silecensis and either referred to a new species or to S. conferta. 
At one time I referred them to S. conferta, but their average fewer 
septa according to the size of calices as compared with S. conferta, 
led me to consider them and the specimen next to be described as 
belonging to a different species. 

Description of a specuomen from station 3381, Flint River, 4 miles 
below Bainbridge, Georgia (pl. 118, figs. 1, 1@).—Corallum subdiscoid 
inform. Its greater transverse, diameter 45 mm.; lesser transverse 
diameter, about 38 mm.; thickness, 14 mm. Upper and lower sur- 
face, subplane, somewhat undulated. 

Calices irregularly hexagonal or pentagonal in shape, fairly large, 
range in diameter from 4 to 6.5 mm.; rather shallow or superficial. 

Septa numerous, in one calice 6.5 mm. long by 4.5 mm. wide 58 
were counted. There are, applying the ordinary method of distri- 
buting septa into cycles according to the number, four complete 
eycles and a fair number of members of a fifth. The various cycles 
are not distinctly marked. The septal margins in places slope from 
an acute ridge to the bottom of a moderately deep calice; in other 
places the calices are shallow, superficial, the septal margins flat- 
tened from above, no ridge being present. ‘The dentations on the 
septal margins are rounded; there are about 10 within 2mm. Some 
septa are perforated between the trabeculae, but it seems probable 
that these perforations are of secondary origin, resulting from the 
solution of the septa in the thinnest places during fossilization. 

Synapticulae are very abundant, especially well developed in 
several, at least two or three, vertical series near the outer boundary 
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of the corallites. Thé boundary between adjoining calices is formed 
by a vertical row of synapticulae, considerably larger than the others. 

Columella papillary, fairly well developed. 

Localities and geologic occurrence.—Chattahooche formation, basal 
part, station 3381, Little Horse Shoe Bend, Flint River, 4 miles below 
Bainbridge, Georgia, collected by T. W Vaughan; Chattahoochee 
formation, probably near the base, station 6084, Withlacoochee River, 
3 miles below Valdosta, Lowndes County, Georgia, collected by L. W. 
Stephenson; Chattahoochee formation, upper part (stratigraphically 
the same as the Tampa formation), station 3694, Waukulla, Florida, 
collected by T. W. Vaughan. 

Tampa formation, the ‘‘silex’”’ bed, Ballast Point, Tampa, stations 
2115, collected by F. Burns; station 7754, an eecollen specimen col- 
lected by C. W. Cooke. 

Alum Bluff formation, station 6043 Coronet Phosphate Mine, near 
Plant City, Florida, collected by G. C. Matson. 

Specimens of this species have been obtained at other localities in 
Georgia and Fiorida in the Chattahoochee and Alum Bluff formations. 
It is abundant around Alachua, Florida. 

Siderastrea silecensis so clorely resemble S. conferta (Dunes that 
for some time I referred the specimens of it to that species, but in 
calices of the same size the septa in S. conferta are more numerous, 
more crowded, and thinner, and have more finely dentate margins. 
In a calice, 4.5 by 8.5 mm. in diameter, of a specimen of S. conferta 
from Antigua there are about 80 septa, a larger number than was 
counted in any calice of S. silecensis. 


10. SEDERASTREA DALLI, new species. 
Plate 119, figs. 1, la, 2 


Corallum forming a mass rounded above. The type has a length of 
about 122 mm. and is 75 by 82 mm. in diameter in its median part. 

The corallites are large, hexagonal or pentagonal in shape. The 
usual diameter is from 5 to 6.5 mm.; a large corallite is 5.75 by 8 
mm. in diameter. Wall between the corallites usually distinct, thin. 
Calices, shallow. 

Septa, rather thin, or fairly thick, very crowded. There are four 
complete cycles and a fair number of the members of a fifth cycle. 
The large calice, 5.75 by 8 mm. in diameter, has 68 septa. The 
septal grouping need not be described, as it is that common for the 
genus. Septal dentations fine, compressed transversely to the septal 
planes, finely frosted, from seventeen to twenty or more teeth on the 
members of the first cycle. No compound or double dentations were 
seen. The septal faces, closely granulate; perforations similar to 
those in S. plhiocenica. 
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Synapticulae in three or four vertical rows—in the outer portion of 
the interseptal loculi, there may be even more. Very thin, nearly 
horizontal ieeonincnt present. The wall is similar to that of 
S. phiocenica, but thinner. 

Columella, papillary. The papillae are fine, more delicate than in 
S. pliocenica. 

Locality and geologic occurrence.—Florida, station No. 3300, 
Shell Creek, collected by F. Burns (type); station 2094, Caloosa- 
hatchee River, Florida, collected by W. H. Dail; Phocene. 

Type.—No. 325196, U.S.N.M. (pl. 119, figs. 1, la). 

Paratype.—No. 325195, U.S.N.M. 

This species is separated from S. pliocenica by its generally more 
delicate structure, more numerous septal dentations, and more 
numerous septa. It differs from S. siderea (Ellis and Solander) by 
its larger and shallower calices and its more numerous septa. 

The closely crowded, transversely compressed, and finely frosted 
septal dentations of S. dalli give it an appearance very different 
from any other American species of Siderastrea. The number of 
septa is in corallites of the same diameter about the same as in 
specimens of S. salecensis. 


11. SIDERASTREA CONFERTA (Dunean), 
Plate liz, fig: 3; plate 120, fies: 1,2, 2a) 3, 4; plate. 121, figs, Isle, 2.'2a. 
1863. Isastraea conferta Duncan, Geol. Soc. London Quart. Journ., vol. 19, p. 422, 
: pl. 14, fig. 2 
1867. Isastraea conferta DuNcAN, Geol. Soc. London Quart. Journ., vol. 24, p. 25 

The original description of /sastraea conjerta is as follows: ‘‘Coral- 
lites very close, tall, slender, straight, and prismatic; a transverse 
section shows the wall to be very thin. The breadth of the corallites 
varies from three-tenths to one-tenth meh [=7.5 to 2.5 mm]. 
Septa very numerous; linear; the primary extend to the centre of 
the corallite, the secondary less so, and the others join the larger 
septa at a very acute angle; all are very slender and excessively 
crowded. There are eighty-two septa in the larger corallites, sixty 
in the smaller. The septa of one corallite do not join those of the 
next, but end sharply at the wall. Endotheca plainly exists, hnear, 
appearing, in transverse section, to divide the interseptal loculi 
into several cells. The reproduction is by submarginal budding. 
The sclerenchyma has been replaced by dark homogeneous silica, 
and the interspaces by porcellanous and opaline silica. 

“From the Chert-formation of Antigua. Coll. Geol. Soe. 

“This is a very remarkable form. Unfortunately no calices exist; 
but the transverse view of the corallites is excellent. If the specimen 
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had been found in Oolitic rocks, it would have passed for a small 
variety of lsastraea tenurstriata.” 

I examined the type of this species in the Geological Society of 
London collection (No. 12,929), and it is represented by plate 120, 
figure 1. It belongs to the genus Siderastrea. There are more 
than four cycles of septa. The septal trabeculae are narrow, and 
produce fine dentations on the septal margins. The estimated number 
of teeth on the margins of the longer septa is about 20; the synap- 
ticulae are fine and are crowded in two or three rings near the wall, 
which is narrow and continuous. The columella is weakly developed 
and evidently had a finely papillary upper surface. 

I collected in Antigua, station 6888, one-half mile north of McKin- 
non’s mill, in the Antigua formation, one satisfactory specimen of 
this species. It is of massive, subcolumnar growth form, is about 
105 mm. tall, and is 82 by 92 mm. in diameter near the top. The 
basal part is appreciably narrower than near the summit. The 
ealices are shallow; corallite walls thin. A calice 4.5 by 8.25 in diam- 
eter has about 80 septa. Septa composed of small trabeculae and 
correspondingly have finely dentate margins. Synapticulae delicate 
and crowded. 

This species is very abundant in the Oligocene deposits of the West 
Indies and the Canal Zone. Description of or notes on specimens 
from the different localities follow. The next specimen to be de- 
scribed is essentially typical, and as it is in a better state of preserva- 
tion than the one from Antigua, it is more satisfactory for purposes 
of illustration. 

Description of a specumen from near Lares, Porto Rico (pl. 120, 
fig. 2, 2a).—Corallum massive, rounded above, basal portion some- 
what expanded. Greater diameter of base, 106 mm.; lesser diameter 
of base, about 65 mm.; height, 65 mm. 

Calices polygonal, rather large, diameter (measured from summit 
to summit of wall) from 4.7 to 7.4 mm., 5 to 6 mm. the usual 
diameter. Near the edges the calices are shallow, higher up on the 
corallum they are excavated and moderately deep. The outer ends 
of the septa are arched on the upper part of the corallum, may be 
somewhat flattened near the wall; lower down they may be depressed 
across a wide area, with a very shallow calicular cavity; in a few 
instances a depression corresponds in position to the upper edge of 
the wall. Wall usually distinct, narrow, zigzag. 

Septa very crowded, thin and numerous, 70 in a calice 4.6 by 7.4 
mm. in diameter, 76 in one 5.75 by 7.6 mm., 74 in one 5.5 by 6.3 mm. 
in diameter. They are so crowded that it is difficult to make out 
the cycles. The primaries appear to be free, the other septa form 
groups around the secondaries. Septal margins finely beaded; 
about 26 dentations on a large septum, an actual count for an entire 
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septal length could not be made, but 6 teeth within 0.7 mm. were. 
counted on the outer part of aseptum. This would be more than 8 
teeth to 1mm. Synapticulae abundant. 

Columella not greatly developed; upper surface finely papillary. 

I collected at Crocus Bay, Anguilla, a suite of 22 specimens very 
closely similar to the Porto Rican specimen. Several of these are 
illustrated by plate 117, figure 3; plate 120, figures 3, 4; and plate- 
121, figures 2,2a. The calice represented by plate 117, figure 3, is. 
4,25 by 6.6 mm. in diameter, and has 68 septa; the larger calice Ulus- 
trated by plate 120, figure 3, is 7 by 9.5 mm. in diameter, and has 91 
septa; the calice illustrated by plate 120, figure 4, is 5.5 by 7.3 mm. 
in diameter, and has 64 septa; and one of those figured on plate 121, 
figure 2a, is 4.5 by 6.3 mm. in diameter, and has 75 septa. . 

Specimens of what seem undoubtedly to belong to the same species 
were collected in the Culebra formation, station 6020c, near Las: 
Cascadas, by Doctor MacDonald and me. Some specimens are as. 
much as 14 inches (about 36 cm.) tall, and over 12 inches (about 31 
cm.) thick. A part of the surface and an enlarged view of the calices. 
are represented by plate 121, figures 1, la. A calice 4 by 5.7 mm. 
in diameter has about 72 septa. 

A specimen collected by Gabb in Santo Domingo and identified by 
Pourtalés as Siderastraea siderea' belongs to this species. The speci- 
men has numerous thin, crowded septa; there are about 82 septa in a 
calice 4.5 mm. wide and 6.5 mm. long. It is the property of the 
Museum of Comparative Zoology, Harvard University. 

Localities and geologic occurrence.—Island of Antigua, Antigua for- 
mation, Duncan’s type; station 6888, one-half mile north of McKin- 
non’s Mills, collected by T. W. Vaughan. 

Porto Rico, Pepino formation, station 3191, 4 miles west of Lares, 
collected by R. T. Hill. : 

Canal Zone, Culebra formation, station 6020c, at Las Cascadas, 
collected by T. W. Vaughan and D. F. MacDonald. 

Island of Anguilla, Anguilla formation, stations 6893, 6894, 6966,. 
lower and middle beds, south and west sides of Crocus Bay, collected 
by T. W. Vaughan. 

As has been remarked, S. silecensis Vaughan from Georgia and 
Florida is very close to S. conferta. In calices of the same size there 
are more septa and the septa are more finely dentate in S. conferta 
than in S. silecensis. 


Family OULASTREIDAE, new family. 


Fungid corals with the superficial aspect of the genera belonging to 
the family Orbicellidae. Corallites with distinct margins, usually 
separated by intercorallite areas that are crossed by confluent or 


1 Geol. Mag., new ser., dec. 2, vol. 2, p. 545, 1875. 
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alternating septo-costae. Septa lamellate but irregularly more or less 
perforate. Both synapticulae and dissepiments present. Columella 
trabecular. Asexual reproduction by intercalicular gemmation. 

The coral genera represented by Oulastrea Milne Edwards and 
Haime, Diploastrea Matthai, and Cyathomorpha Reuss appear to me 
to deserve recognition as a group of family value. The latter two 
of these genera have been confused with Orbicella, as will be made 
evident in subsequent remarks. It is unfortunate that the validity 
of neither Cyathomorpha nor of Diploastrea can be established at 
present. The reasons for the uncertainty will appear in-discussions. 
to follow. 

Oulastrea crispata (Lamarck) Milne Edwards and Haime, the type 
species of Oulastrea’ is represented in the United States National 
Museum by 30 specimens from Puerto Princesa, Palawan, collected 
by J. B. Steere, and from near Mariveles, Luzon, collected by Albert 
M. Reese, Philippine Islands. The description and figures given by 
Milne Edwards and Haime are really excellent, but they did not rec- 
ognize that the genus belongs to the Madreporaria Fungida. The 
septa are mostly solid, but there are some perforations, especially in 
the smaller septa. The walls of the corallites are synapticulate and 
perforate around the periphery of the corallum, but those of the 
interior corallites are continuous, with few or no obvious perforations. 
There are synapticulae between the peripheral septo-costae ; within the 
corallite cavities synapticulae mostly occur near the imner edges of 
the septa, but some occur between the wall and the inner septal 
edges. Thin dissepiments are abundant. The septal teeth usually 
make two fairly definite, in some very definite, palar crowns that 
stand a little higher than the columellar papillae. These specimens 
are stained black and do not bleach when boiled with caustic potash. 

As Oulastrea is the only genus referred to the family of the validity 
of whose name | can be reasonably certain, notes on the generic char- 
acters are given in some detail. 


Genus CYATHOMORPHA Reuss. 


1868. Cyathomorpha Reuss, K. K. Akad. Wiss. Wien., Mat.-Naturwiss. Cl., 
Denkschr., vol. 28, p. 142, pl. 2, figs. 6a, 6b, 6c. 

1884. Cyathomorpha Duncan, Linn. Soc. Lond. Journ. (Zool), vol. 18, p. 105. 

1889. Cyathomorpha Reis, Bayer. geognost. Landesuntersuch. Geognost. Jahresh., 
Jahrg. 2, p. 147, pl. 3, figs. 17-19. 


Type-species.—Cyathomorpha conglobata (Reuss) Reuss = Astrea 
rochettina Michelin = Cyathom or pha: rocheitina (Michelin) Reis, fide Reis.” 


i Gamptes Rind! tol 27, p. 495, 1848; Ann. Sei. nat., ser. 3, Zool., eal 10, pl. 9, figs. 4, 4a, 1848; qaeet 
vol. 12, p. 116, 1849. 
2 Bayer. geognost. Landesuntersuch. Geognost. Jahresh., Jahrg. 2, p. 147. 
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As the validity of this genus name is in doubt the following 
remarks will be made on genera that appear to be either closely 
related or synonymous. 

Brachyphyllia Reuss: type-species, B. dormitzert Reuss. 

In the first of the publications cited in the footnote ' below 
Reuss described and referred the following species to Brachyphyllia: 
B. depressa, B. dormitzeri, and B. glomerata. In the second paper * 
cited Reuss proposed the name Agathiphyllia, referred Brachyphylha 
depressa to it, and said ‘“‘der Typus der Gattung Brachyphyllia bleibt 
mithin fortan Br. dormitzeri Rss. * * * Sie wird durch die viel 
kleineren Zellensterne, die dimneren, am obern Rande gleichmassig 
fein gezihnelten Radiallamellen und die wenig entw oleate sehr 
feinkérnige Axe charakterisirt.”’ 

Agathiphyllia Reuss: type-species, A. explanata Reuss. 

Reuss originally referred three species to <Agathiphyllia:? A. 
depressa (Reuss) Reuss (first placed in Brachyphyllia), A. conglobata 
Reuss, and A. explanata Reuss. In 1868,° A. conglobata and one 
specimen previously referred to A. explanata are combimed under A. 
conglobata, and made the type-species of a new genus, Cyathomorpha, 
which is separated from Agathiphyllia by possessing a conspicuous 
palar crown. This procedure left two species, A. depressa (Reuss) 
and A. erplanata Reuss, in Agathiphyllia. Reuss does not actually 
designate a type-species for Agathiphyllia, but, as he ee Die 
Gattung Agathiphyllia dirfte sich daher auf die l.c.4, Tab. 2, Fig. 
8, 9 abgebildete A. explanata beschrinken,” I take A. 4th as 
the genotype, excluding the misidentified specimen cf A. conglobata. 

In an endeavor to ascertain the generic characters of Brachyphylha, 
of course, B. dormitzeri must be studied. As there is no specimen of 
that species in the United States National Museum, Reuss’s origimal 
description and the later one by Felix ® were consulted, but neither 
are the details of the structure and mode of formation of the wail or 
of the septa, nor is the character of the endotheca given. At present 
it is not known whether Brachyphyllia is an imperforate coral belong- 
ing to the family Orbicellidae, or whether it is a fungid coral, related to 
or the same as Cyathomorpha. 

Duncan * refers Agathiphyllia to the synonymy of Cyathomorpha 
without giving any reason for adopting the later instead of the earlier 
name. The type-species of Agathiphyllia, A. explanata Reuss, is 
from Oberburg, Styria. According to the figures, Agathiphyllia ne 
not the wide paliiorm lobes of Cyathomorpha; but critical study! of 


1K. K,. ea. Wiss. Wien., Mat.-Naturwiss. CL, , Denkschr., vol. 7, p. 103, 1354. 
2 Idem. vol. 23, p. 14, 1864. 

3Tdem. vol. 28, p. 143, 1868. 

4 Idem. vol. 23, p. 15, 1864. 

5 Palaeontographica, vol. 49, p. 260, 1903. 

6 Linn. Soc. London Journ. (Zool.), vol. 18, p. 105, 1884. 
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authentic specimens of the type-species 1s needed to ascertam whether 
the genus is or is not a fungid coral. 

At present neither Brachyphyllia nor Agathiphyllia can pe identified. 

Cyathomorpha is a fungid genus that has the general appearance of 
Orbicella, with which it has been confused. 

The next description is of the genotype. 


CYATHOMORPHA ROCHETTINA (Michelin) Reis. 
Plate 123, figs. 1, la, 1b, le, Id, le. 


1840-1847. Astrea rochettina MicHEttn, Icongraph. Zoophytol., p. 58, pl. 12, fig. 2 
1889. Cyathomorpha rochettina Reis, Bayer. geognost. Landesuntersuch. Geog- 
nost. Jahresh., Jahrg. 2, p. 147, pl. 3, figs. 17, 19. (With synonymy.) 

There is in the United States National Museum one young specimen 
(No. 156900), from Crosara, Italy, received from the K. K. Museum 
fir Naturkunde, Berlin. Plate 123, figures 1, 1a, 1b, presents a view 
each of the upper surface, of the side, and of the lower surface of this 
specimen, natural size. 

On the base and in places on the sides of the corallum the edges of 
superposed layers are clearly seen, the lower edge of the outer layer 
often flaring somewhat. There are prominent, steep-sided, distant 
costae, crossed by transverse carinae; distance between costal crests 
usually ranges from about 0.75 to 1.5 mm. In places the courses of 
these costae are interrupted by what morphologically corresponds to 
septal perforations. Between the larger are small costae, which for 
the most part are represented by rows of spies. Exothecal dis- 
sepiments are present. The walls in general appear solid, but near 
the upper edges synapticulae and intercostal pits or perforations are 
distinguishable. The spines, trabeculae, of the small costae m places 
are joimed to the large costae by synapticulae. 

The larger septa are imperforate, at least for the most part, but the 
last two or three cycles are clearly perforate, composed of imperfectly 
fused trabeculae. Faces of large septa with carinae; synapticulae 
well developed, especially near the columella. 

Columella large, trabecular; upper surface. papillary. 

The foregoing notes are not intended as a description of the species; 
their object is to emphasize the fact that Cyathomorpha is a fungid 
coral and to indicate its important generic characters. Reis’ recog- 
nized the presence of synapticulae in this species but did not refer it 
to Madreporaria Fungida. 
to, Crosara, and 
Sassello, Tealy; Reit-im- Winkel, Bavaria: lower to nragile Oligocene.’ 2 


1 Bayer poneHeet. iT Anecntoncene Gans Rjaneesnl Jahrg. 2, p. 147, 1889. 
2Tdem., pp. 93, 94. 
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CYATHOMORPHA HILLI, new species. 
Plate 124, figs. 1, la; plate 125, figs. 1, la, 1b, lc, 1d, 2, 2a. 


Corallum with a small base, above which it increased in diameter; 
upper surface rounded; calices confined to the upper curvature; 
base and sides below the ‘evel of the calices naked, not even shreds 
of epitheca were observed. Below the calices, the sides of the cora!- 
lum grow outward by the superposition of costate layers, each outer 
layer resting on the costae of the next inner layer, except at the 
lower edge where it may flare outward. The layers range in thick- 
ness from 0.5 and 1.5 mm.; usually they are imperforate, but in 
places perforations and synapticulae can be clearly recognized. 
The costae are narrow, steep-sided, fairly prominent, acute or 
rounded on the edges; distance between costal summits from 0.75 to 
1.5mm. The type is 112 mm. in horizontal diameter and 80 mm. tall. 

Corallites protuberant from 1.5 up to more than 10 mm., average 
5 or 6 mm.; distance between thecal summits of neighboring coral- 
lites from 3 to 10 mm., or even more. Corallite walls with a rather 
sharp upper edge; mostly imperforate. Some perforations and 
synapticulae, especially near the upper edges. Septo-costae low, 
subequal, wide, flattish or rounded in profile. 

Calices subcircular, broadly elliptical, or compressed elliptical in 
outline. A large subcircular calice on the type is 18 mm. in diam- 
eter; a small, but apparently fully developed calice, on the same 
specimen, is 10 by 13 mm. in diameter; the shorter diameter of 
young calices is only 8 mm. The calices of the type are larger than 
those of the other specimens of the species. In paratype No. 1 
(pl. 125, fig. 1), the largest calice is 11.5 by 13.5 mm. in diameter; 
the smallest is 8 by 13 mm. in diameter. In paratype No. 2 (pl. 125, 
fig. 2), the largest calice is 13.5 by 16.5 mm.; the smallest, 10 mm. 
in diameter. Unless the calices are young or stunted the average 
of the two diameters is rarely below 10 mm. Depth of calices shght, 
about 4 mm. a maximum; columellar fossa not deep. 

The number of septa in the calice represented by plate 125, fig. Ic, 
paratype No. 1, is 70. This calice is 11.5 by 13.5 mm. in diameter, 
and is of the size about normal for the species. It has four com- 
plete cycles of septa and 22 quinaries. About 8 of the septa are 
thicker than the others, and bear thick paliform lobes which are 
fully half the width of the septa. These 8 septa and about 15 
thinner septa extend to the columella; the thinner septa also bear 
wide paliform lobes. In general in a half or quarter system the 
septa of the penultimate cycle fuse to the sides of the included mem- 
ber of the next lower cycle, while the members of the last cycle are 
small. All except the smallest septa bear paliform lobes. Septal 
margins low over the wall, subentire; within the calice the thicker 
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septa have subentire margins, the thinner septa have decidedly 
dentate edges. Larger septa solid; the thinner ones, especially 
those next to the last cycle, considerably perforate; septal faces 
granulate. 

Synapticulae well developed, especially near the wall and near 
the columella; very obvious near the inner fusion of the septal 
groups. Some thin dissepiments present. 

Columella rather coarsely trabecular, well developed, approxi- 
mately one-third the diameter of a calice; upper surface sunken in 
a shallow central fossa. 

Asexual reproduction by intercalicular budding. 

Locality and geologic occurrence.—Antigua, in the Antigua forma- 
tion, at stations 6881, Willoughby Bay (type and paratypes); 6854, 
Rifle Butts; 6856, south side of Friar’s hill; 6888, one-half mile 
north of McKinnon’s mill, collected by T. W. omen. 

Type.—No. 325204, US.NM. 

Paratypes.—No. 325205, U.S.N.M. (2 daytdnin ase 

That Cyathomorpha hilli is very nearly related to Cyathomorpha 
rochettina (Michelin) Reis, is shown by a comparison of the deserip- 
tions and figures here presented. C. browni, the next species to be 
described, differs from C. hilli by its prominent, acute costae, and 
by its septa higher than the second cycle being more strongly differ- 
entiated according to cycles. 

It gives me pleasure to attach the name of Mr. Robert T. Hill to 
this handsome species. 


CYATHOMORPHA BROWNI, new species. 


Plate 126, figs. 1, la, 1b. 


This species is similar to Cyaihomorpha hilli in the general aspect 
of the corallum. It differs principally in having prominent, acute 
costae corresponding to all except the last cycle of septa, to which 
the corresponding costae are either very small or obsolete. 

The calices range from about 8 to 13 mm. in diameter; average 
size smaller than in C. halla. 

In a calice 12.5 mm. in diameter there are 4 cycles of septa and 
in some systems the fifth is complete but it is represented by small, 
thin, rudimentary septa. Primaries and secondaries subequal; 
tertiaries and quaternaries shorter and thinner according to cycles. 
All septa except the last cycle bear thickened paliform lobes. The 
septa are thinner and the interseptal spaces relatively wider than 
in C. halk. 

Synapticulae present near the wall and near the inner ends of the 
septa. Apparently some thin dissepiments present. 

Locality and geologic occurrence.—Antigua, in the Antigua for- 
mation, stations 6888, one-half mile north of McKinnon’s mill (type, 
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and three other specimens); 6868, Pope’s Saddle, collected by 
T. W. Vaughan. 

Type—No. 325211, U.S.N.M. 

This coral may ultimately be shown to intergrade with Cyatho- 
morpha hilli. but according to the specimens available for study 
they are distinct. 

Oyathomorpha browns is named for Prof. Amos P. Brown who paid 
considerable attention to the paleontology of the Central American 
and West Indian Tertiary formations. 


CYATHOMORPHA BELLI, new soecies. 
Plate 128, figs. 1, la, 1b. 


Corallum more or less explanate, rounded above and flattish below ; 
base without epitheca, similar in this character to C. rocheitina. 

Calices large, 11.5 mm. a usual measure of the diameter, range in 
diameter from 7.5 mm. (a small calice) to 12.5 mm.; distance apart 
from 3.5 to 10.5 mm.; calicular rims elevated up to-as much as 
5 mm., usually lower on the distal than on the proximal side. Ca- 
licular cavities relatively shallow in comparison with the diameter, 
depth about 2.5 mm. Corallite walls with few or no perforations 
except at the upper edge; appear to be originally synapticulate and 
subsequently compacted. 

Costae at the calicular edge subequal or slightly alternating in 
size, corresponding to all septa; but just below the calicular edge 
the costae corresponding to the last cycle of septa tend to decrease 
in size and usually disappear at the base of the free corallite limb, 
while the costae corresponding to the lower cycles of septa tend to 
increase in height and extend as rather prominent plates on to or 
even across the intercorallite areas. Costal edges with low beading. 

The septa in a calice 10 mm. in diameter are only 46 in number; in 
another calice 9.25 by 13 mm. in diameter there are 48 septa. 
Therefore, in comparison with the size of the calices, there are rel- 
atively few septa, barely four cycles. In general the following is 
the septal arrangement: primaries and secondaries extend to the 
columella, and have a circle of single or double paliform lobes; 
tertiaries extend to or almost to the columella, but are thinner 
than the primaries and secondaries, and many bear a paliform lobe 
near the columella; the quaternaries are shorter and thinner, some 
of these bear pali. Over the mural summit the margins of all septa 
are subequally slightly exsert, about 0.6 mm. is a maximum, average 
between 0.25 and 0.5 mm. Large septa solid; higher cycles with 
perforations. Septal arch a gradual curve. Margins with some 
dentations. 

Columella large, about 3 mm. in diameter or nearly one-third the 
diameter of the calice, trabecular, more or less whorled. 
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Synapticulae present, especially near the columella. Endothecal 
dissepiments highly developed and vesicular. 

Locality and geologic occurrence.—Antigua, station 6854, Rifle 
butts, Antigua formation, collected by T. W. Vaughan. 

Type.—No. 325218, U.S.N.M. 

This species is dedicated to His Excellency Sir H. Hesketh Bell, 
Governor of the Leeward Islands at the time I collected in Antigua 
and other Leeward Islands. It was to his helpfulness that the 
success of my work was largely due. 

On page 389 of this paper attention is directed to the resemblance 
between Orbicella costata (Duncan) and Cyathomorpha belli. . 


CYATHOMORPHA SPLENDENS, new species. 
Plate 128, figs. 2, 2a, 2b. 


Corallum unifacial, calices on the upper surface; base naked, with 
- wide, low costae. Maximum thickness of type 24.5 mm.; thickness 
to base of corallite 15 mim. 

Calices shallow, but excavated; diameter, 17.5 by 20 mm.; margin 
elevated 4 mm. on one side, 9 mm. on the other side. Strong subequal 
eostae correspond to all septa except those that are rudimentary. 

Septa 54 in number, the quinaries rudimentary; primaries and 
secondaries larger than the septa of higher cycles. 

Columelia large, 8 mm. in diameter, surface coarsely papillate. 

Dissepiments greatly developed; synapticulae present. 

Locahiy and geologic occurrence.—Antigua, station 6854, in the 
Antigua formation, Rifle Butts, collected by T. W. Vaughan. 

Type.—No. 325219, U.S.N.M. 

The description of this species is brief, because a more elaborate 
one would be largely a repetition of what has been said under the 
four preceding descriptions. The most nearly related species is 
/. bella, from which it differs by the wider and lower costae of its 
Jower surface, its much larger calices, and, in comparison with the 
size of the calices, its fewer septa. 


CYATHOMORPHA ANGUILLENSIS, new species. 
Plate 127, figs. 1, 2, 3, 4, d. 


This species is usually characterized by its large, distant, and prom- 
inent calices. 


Dimension of calices of Cyathomorpha anguillensis. 


l | | 
Tp gael eeh eee ho | 4 ee ow 7 
| 
mm, mm, | mm, | mm, | mm. | mm, mm. 
Greater diameter.............-.---- Ey Genk 18.5 | 15 12| 14:5 15; 14 11 
Lesser diameters iccioe hata eee ee 14.5] 14.5 | 12) 12.5 | 14) 12.5 | 9.5 
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The young calices, of course, are smaller. 

Distance apart 7 to 20 mm. Isolated calices may be decidedly 
prominent, 5 mm. or more in height. Depth, moderate. 

The corallites externally are strongly costate; large, tall, thin 
costae alternate with much smaller ones. The intercostal spaces 
wider than the costae. Wall mostly dissepimental, but there are 
some synapticulae with intervening perforations similar to those in 
C. rochettina. 

Septa in the larger calices between 70 and 80, the various systems 
and cycles are not distinctly differentiated, about 24 reach the 
columella. Within the wall the septa are thin, in the thecal ring 
they are thicker; the costae are thicker than the inner portions of the 
septa. Pali before the members of the first three cycles of septa. 
Both synapticulae and dissepiments present. 

Columella large, composed of twisted, interlacing, fused inner ends 
of septa. Its diameter about one-third the diameter of the calice. 

Localities and geologic occurrence.—Island of Anguilla, West Indies, 
collected by P. T. Cleve; station 6969a, bottom bed, Road Bay, 
Anguilla, collected by T. W. Vaughan. 

A specimen from station 7509, west of Ocujal Spring, conglomerate 
boulder on hill of limestone conglomerate, near Guantanamo, 
‘Cuba, collected by O. E. Meinzer, seems to be referable to this species; 
it is a large calicled species of Cyathomorpha, and 1 have found no 
differences between it and C. anguillensis. 

Type.—University of Upsala (pl. 127, fig. 1); 4 specimens in the 
United States National Museum. 

Three specimens belonging to the University of Upsala collection 
are typical, although they show some variation. Four other speci- 
mens show gradual decrease in both the size and prominence of the 
calice. These four specimens are figures on plate 127, figures 2, 3, 
4,5. With them before one it does not seem possible to separate 
‘sharply the large and prominent caliced specimens from those with 
smaller (7 mm. diameter) and only slightly prominent calices. 

The specimens with smaller, less prominent calices closely resemble 
the specimens described below under the name C. roxborought. 


CYATHOMORPHA ROXBOROUGHI, new species. 


Plate 129, figs. 1, la, 1b. 


Corallum massive, usually rather broadly and obtusely conical in 
shape. Type—greater diameter of base, 111 mm.; lesser diameter 
of base, 73 mm.; height, 103 mm. The rather large difference in the 
basal diameters is probably in part due to compression. A paratype 
has a greater basal diameter of 121 mm.; lesser basal diameter, 
108 mm.; height, 96 mm. Base without calices; apparently some 
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shreds of epitheca. Costae of base, low, rather crowded, subequal, 
with clearly visible synapticulae between them. 

Calices very shallow, quite or almost superficial, with margins rang- 
ing from flush with the intercorallite areas up to 3.5 mm, or more in 
height. In some corallites the free limb on the lower side is from 
6.5 to 9 mm. long, while the margin of the upper side is only slightly 
elevated. The calicular outline is subcircular or broadly elliptical; the 
diameter ranges from 6 to 10 mm., 8 to 9mm. usual for fully developed 
calices. Distance between calicular rims ranges from 4 to 138 mm. 
Intercalicular area flattish except near the peripheries of the calices 
where they slope upward rather steeply if the calices are elevated. 
Septo-costae correspond to all septa and are subequal at the calicular 
margins; lower down they are either subequal, low, broad, and with flat- 
tish or rounded summits, or they aiternate in prominence; where there 
is such aiternation the edges are usually acute. Transversely com- 
pressed granulations on some septo-costae, but usually the margins 
are almost smooth. The septo-costae are confluent between adjacent 
corallites or meet at a sharp angle; outer limits of corallites usually 
marked by a circumscribing ridge that joms adjacent septo-costae. 
Synapticulae distinct between the septo-costae, in both transverse and 
longitudinal sections. Walls with synapticulae near the upper edge. 

Septa thick, lanceolate, in the wall, rapidly thmning within the 
calicular cavity. In a calice 8 mm. in diameter there are 38 septa, 
every Other one of which extends to the columella. There are strongly 
developed, thick, prominent pal on the inner ends of all unbroken 
long septa, obscurely arranged in two crowns. Unless decidedly small 
the septa of the last cycle fuse to the sides of the septa of the next 
lower cycle; im some systems tertiaries fuse to secondaries and quar- 
ternaries to tertiaries. Septal margins subentire or obscurely dentate. 
Usually the lameliae are solid, but broken transverse sections of the 
corallites of a specimen not the type show some perforations. Syn- 
apticulae well developed. 

Columella large, coarsely trabecular, in the center of the shallow 
flat-bottomed calice. 

Asexual reproduction by imtercalicular gemmation. 

Locality and geclogre occurrence.—Anguilla, at the following stations: 
6962, 1 mile northeast of Boat Harbor (type); 6893, Crocus Bay, 
on roadside from Valley Post Office down the bluff (7 specimens) ; 
6894, west side of Crocus Bay, probably from the lower part of the 
exposure (paratype); 6963, west side of Sandy Hull (2 specimens), 
collected by T. W. Vaughan. Professor Cleve obtained at least 
one and I obtained 11 identifiable specimens of this species in Anguilla. 
.-Lype.—No. 325250; U.S.N.M. 
.Paratype,—No. 325248, U.S.N.M, 
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This is the species to which I referred as Diploastrea from the lowest 
horizon of the exposure at Crocus Bay, Anguilla, in discussing the 
genus Diploastrea in my paper entitled: Some shoal-water corals 
from Murray Island (Australia), Cocos-Keeling Islands, and Fanning 
Island.1| My remarks particularly apphed to the paratype from sta- 
tion 6894. 

Cyathomorpha roxboroughi closely resembles those specimens of 
C. anguillensis with smailer calices. 

C. roxzboroughi is named for His Honor T. L. Roxborough, who was 
administrator of St. Christopher while | was there and to whom I 
am indebted for many acts of courtesy and kindness. 


CYATHOMORPHA ANTIGUENSIS (Duncan) Vaughan. 


Plate 129, fic, 2: plate 130, figs: 1, la, 2, 2a,3; plate 131, figs. 1, la, 1b, 2; 3, 43 plate 
132, figs. 1, 2, 2¢, 2b; plate 133, fig.. 1. 

1863. Astraea antiguensis Duncan, Geol. Soe. London Quart. Journ., vol. 19, 
p. 419, pl. 13, fig. 8. 

1863. ?Astroria affinis DuNcaN, Geol. Soc. London Quart. Journ., vol. 19, p. 425. 

1863. Astroria antiguensis DuNcAN, Geol. Soc. London Quart. Journ., vol, 19, 
p. 420. 

1866. ?Astroria afinis DucHASsAING and MicHELorti, Sup. Coral!. Antilles, p. 83 
(of reprint). : 

1866. Astroria antiquensis DucHassatne and Micnenorrr, Sup. Corall. Antilles, 
p. 83 (of reprint). 

1866. Heliastraea antiguensis DUCHASSAING and MicHELOTTI, Sup. Corall. Antilles, 
p. 86 (of reprint). 

1867. ?Astroria affinis DuNcAN, Geol..Soc. London Quart. Journ., vol. 24, p. 24. 

1867. ‘Astroria antiguensis DUNCAN, Geol. Soc. London Quart. Journ., vol. 24, 
p 24. 

1867. Heliastraea antiguensis Duncan, Geol. Soc. London Quart. Journ., vol. 24, 
p. 24. 

1870. 2 Astroria afinis DucHAssAtNG, Rey. Zooph. Antilles, p. 30. 

1870. Heliastraea antiguensis DuCHASSAING. Rev. Zooph. Antilles, p. 30. 

1870. Astroria antiqiensis DucHassainc, Rev. Zooph. Antilles, p., 30. 


This species was referred by me doubtfully to the synonymy of 
Orbicella cavernosa (Linnaeus) in my Fossil Corals from the Elevated_ 
Reefs of Curacao, Arube and Bonaire,’ not having recognized at. 
that time that the species is one of the Madreporaria Fungida. : 
Original description.‘ Corallum large, turbinate, convex and 
gibbous above, with a very small base. Corallites long, close, rather 
crowded, but distinct and radiating from the narrow base. Walls 
well developed, moderately thick. Costae moderately developed, 
projecting more than the width of their base; they are plain where 
seen superficially, very nearly equal, and are not spined or toothed. 
In some corallites the fourth cycle of costae is wanting, but not in 
those that are fully developed. Calices circular, slightly raised, 


1 Carnegie Inst. Washington Pub. 213, p. 142, 1918. 
2 Geologisch. Reichs. Museum Leiden Samml., ser. 2, vol. 2, p. 28, 1901. 
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appearing as truncated cones, sometimes compressed (at the side 
of the corallum they are distorted), unequal in size; margins thin. 
Fossa not deep, but variable. Columella well developed, projecting 
at the bottom of the fossa; its component tissue is laminar and folded, 
and it is rounded above. Septa straight, very slightly exsert, delicate 
throughout, not larger at any point decidedly; but the largest are 
more delicate midway between the walls and the columella; they are 
arranged in six systems of four cycles. The primary and secondary 
septa are equal; the tertiary a little smaller; those of the fourth 
order are very small, and barely developed in some calices, but they 
exist in all. The primary and secondary septa have a tooth near 
the columella. Endotheca tolerably developed. Exotheca well 
developed, forming large and small cells, both square, though often 
divided by dissepiments. Reproduction by extracalicular gemma- 
tion. There is no epitheca. 

“Dimensions.—Height of corallum several inches; diameter of 
calices from a little less than 3 lines to 4 [6.25 to 8.3 mm.]; thickness 
of septa one-sixtieth inch [0.4 mm.]. The dimensions of the ellip- 
tical calices are—length, 34 lines[7.3 mm.]; breadth, 23 lines [5.2 mm.]; 
depth of fossa, two-thirds of a line [1.4 mm.]. Exothecal cells from 
one-fourth to one-half line [0.5 to 1 mm.]. The lateral calices are 
very irregular, and the younger corallites have three cycles of septa. 

‘‘ Hossillization.—Calices, as a rule, not filled up. Sclerenchyma 
light-brown in color, opaque, and siliceous, the central portions of 
the corallum evidently consisting of dark homogeneous flint, the 
sclerenchyma having been destroyed in the process of silicification. 

“From the Marl-formation of Antigua. Coll. Geol. Soc.”’ 

Plate 130, figures 2, 2a, presents illustrations of Duncan’s type (No. 
12942, collection of the Geological Society of London). Duncan 
was of the opinion that this species belonged to the genus Helvastraea 
Milne Edwards and Haime, which is a synonym of Orbicella Dana. 
It was my belief that the species was referable to Orbicella until I 
obtained a number of remarkably good specimens in Antigua. A 
selected series of these will be described in the following remarks: 

The corallum forms rounded or discoid masses, the two largest I 
collected having the following dimensions: No. 1, horizontal diameter, 
225 by 305 mm.; height, 155mm. No. 2, horizontal diameter, 322 by 
400 mm.; height, 131 mm. Specimen No. 1 has a more arched 
upper surface than No. 2 which is more discoid in shape. 

On the lower surface of the corallum there is very little epitheca— 
only shreds in places. Costae are well-developed, subequal, inter- 
rupted here and there; intercostal furrows perforate, many synap- 
ticulae present, joining the outer ends of adjacent septa (see pl. 130, 
figs. 1, la). : 
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The series of figures (pl. 131, figs. 1, 2, 3), shows the range in size, 
shape, depth, and distance apart of the calices. Except very young 
calices, which may be only 3 mm. in diameter, the range in 
diameter of these on the specimen represented by plate 129, figure 2, 
is from 5.5 to 10 mm.; on the specimen represented by plate 130, 
figure 3, one calice is 12.5 mm. in diameter. In shape the calices 
are subcircular, elliptical, deformed elliptical, or, where crowded, 
polygonal. The depth ranges from superficial to as much as 4.5 mm. 
or a little more, but on most specimens the calices are rather shallow, 
The distance apart ranges from 0.75 mm. to nearly 10 mm.  Piate 
131, figure 3, shows polygonal crowded calices and distant cireular 
calices on the same specimen. Costae subequal or slightly alter- 
nating, correspond to all septa. Their margins, where perfectly 
preserved, are beaded, in places interrupted. Unless the calices 
are very crowded, synapticulae are obvious between the costae. 
The corallite walls are synapticulate and very perforate (see pl. 131, 
fig. 1a). 

The septa are usually thin, in about 4 cycles, as many as 58 in 
large calices. Primaries and secondaries subequal, extend to the 
columella; tertiaries rather long but usually do not reach the colum- 
ella; quaternaries, and quinaries where present, are shorter. In 
many calices some tertiaries fuse to the sides of the secondaries, and 
the quaternaries may fuse to the sides of the tertiaries; but there is 
much variation, in some systems there are no septal groups by fusion. 
The septal arches may be rather wide, the septal edges gradually 
curving over the calicular rim; or the. arches may be narrow, the 
septal edges falling steeply to near the level of calicular bottom— 
both of these conditions occur on the same specimen. Primary and 
secondary septa appear imperforate, should there be perforations 
they are rare; higher cycles perforate. Septal faces with carmae and 
granulations. Margins of larger septa finely beaded; margms of 
members of higher cycles more conspicuously dentate. Prominent, 
rather wide, thickish, paliform lobes before the primary and second- 
ary septa; an outer palar crown before the tertiary septa. 

Columella fairly well developed, trabecular; upper surface papillary 
in the best preserved calices. 

Synapticulae abundant within the corallite cavities. Endothecal 
<issepiments also present. 

Asexual reproduction by intercalicular budding, 

Localities and geologic occurrence.—Antigua, in the Antigua forma- 
tion, at stations 6854, Friar’s Hill; 6856, Rifle Butts; 6881, Willoughby 
Bay; 6888, one-half mile north of McKinnon’s Mill, collected by 
'T. W. Vaughan, a total of about 35 specimens. 

Porto Rico, in the Pepino formation, station 3191, 4 miles west of 
Lares, Porto Rico, collected by Robert T. Hill. 
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Cuba, station 7514, 5 miles east of monument H4 of U.S. Naval 
Reservation, Guatanamo, altitude 400 feet a. t., collected by O. E. 
Meinzer. 

Mexico, in the San Rafael formation, 4 miles east of Salitre Ranch, 
_ State of Tamaulipas, collected by W. F. Cummins and J. M. Sands. 

The foregoing description, except the measurements of the large 
specimens; is based entirely on the five specimens represented by 
plate 129, figure 2; plate 130, figures 1, 1a, 3; plate 131, figures 1, 1a, 
15, 2,3. Two of these specimens, plate 129, figure 2 and plate 130, 
figures 1, la, 3, are from station 6881, Willoughby Bay; and three, 
plate 131, figures 1, la, 1b, 2, 3, are from station 6854, Rifle Butts 
Antigua. The specimen from Salitre Ranch, Tamaulipas, Mexico, 
is so completely typical that no further notes on it are necessary. 
Two of the specimens from Porto Rico, plate 132, figures 1, 2, 2a, 26, 
have thicker primary and secondary septa, and the costae corre- 
sponding to the last cycle of septa seem usually to be small or even 
obsolete in places. The rear side of the specimen, general view, 
plate 132, figure 2, has calices and costae so nearly typical that it 
can scarcely be regarded as more than a variant of C. antiquensis. 

The specimen from station 7514, near Guatanamo, represents the 
same variant as the Porto Rico specimens. 

Dunean’s Astroria affinis, I believe, is based on a specimen of 
Cyathomorpha antiquensis that has crowded, polygonal corallites. 
Plate 133, figure 1, represents the type (No. 12938, Coll. Geol. Soc., 
London), and the following is the original description: “‘Corallites 
crowded. Walls very thin indeed. ‘Transverse section of corallites 
polygonal, rarely forming short series. Columella slightly but 
decidedly developed. Septa alternately large and very small, linear, 
a little larger externally, with at least four cycles in six systems. 
Breadth of the calices four lines [8.4 mm.]; five septa to one line 
[2.1 mm.]. Endotheca abundant. 

‘From the Chert-formation of Antigua. Coll. Geol. Soc.” 

In my notes on the type, I say that A. affinis is undoubtedly the 
same as Duncan’s Astroria antiguensis type (No. 12936, Coll. Geol. 
Soc. London), illustrated by plate 131, figure 4 of this paper; but [ 
am. not certain that it is different from (. tenuis, the species to be 
considered next. The original description is as follows: 

“‘Corallites not crowded, but close, tall. Walls rather thin. The 
transverse section, of the corallites is in many cases circular, in 
others obscurely polygonal; some present short series, but rarely. 
Columella very indistinct. Septa alternately large and small, in six 
systems of four cycles, the fourth being occasionally deficient in two 
systems. Breadth of the corallites, from2 to 34 lines [4.2 to 7.3 mm.]. 
Length of the series, 6 lines [12.7 mm.]; five septa to a line [2.1 mm.]. 
Endotheca abundant. 
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“Fossilization like that of the other Astrorians, and rendering the 
details indistinct. It is closely allied to the other species of Astroria 
from Antigua. 

‘From the Chert-formation of Antigua. Coll. Geol. Soc.” 


CYATHOMORPHA TENUIS (Duncan) Vaughan. 
Plate 132, figs. 3, 3a; Plate 133, figs. 2, 3,.3a, 3b. 
1863. Astraea tennis DUNCAN, Geol. Soc. London Quart. Journ., vol. 19, p. 421, 
pl VAS hie dll: 
1867. Heliastraea tenwis DuNcAN, Geol. Soc. London Quart. Journ., vol. 24, p. 24. 
1901. Orbicella tenuis VAUGHAN (part), Geolog. Reichs Mus. Leiden Samml., ser. 
Veo MOS Asis Bs 

This species, as well as Astraea antiguensis Duncan, was errone- 
ously confused with Orbicella Dana. I obtained excellent material 
in Antigua, which shows that both the common corallum wall and 
the corallite walls are synapticulate. Three views of one of these 
species are given on plate 133, figures 3, 3a, 36. Plate 133, figure 3, 
is a general view of the upper surface of the corallum; figure 3b shows 
the synapticulate character of the common wall; and figure 3a illus- 
trates the costae and the synapticulae between them. 

The following description is based upon four specimens collected 
by Mr. Robert T. Hill at a locality 4 inches west of Lares, Porto. 
They satisfy in all particulars Duncan’s description of C. tenuis and 
differ in no important particulars from the Antiguan specimens. 

The corallum is pulvinate, with the calices confined to the upper 
surface and sides. : 


Dimensions of specimens of Cyathomor pha tenwis (Duncan). 


( ' “ Greater Lesser . 

as NI S ea 2 IO 

Specimen: No. diameter. | diameter. | Height 

mm. | mm. mm. 
Ts ales epee ahaa | 69 52 55 | Specimen apparently somewbat crushed. 
DET I | 87 | 70 58 
BS el hi ae | 100 | 100 45 Specimen subquadrangular in shape. 
CVS ae oe eo ae Un 126 | 97 64 
al 


1 Specimens figured. 


The calices of specimen No. 1 (pl. 182, figs. 3, 3a) are described, 
although those along the top have been somewhat deformed through 
lateral compression of the corallum. The calices on the upper part 
of the surface have slightly elevated margins; 0.75 mm. is the maxi- 
mum height. Some calices are rather deep, about 2 mm.; the 
diameter of the most nearly circular ones ranges from 3.5 to very 
slightly more than 4 mm.; the distance between adjacent calices is 
from a mere dividing ridge to 2 mm.; the calicular edges, however, 
are usually distinct. Around each calice and joining adjacent ones 
are equal, acute costae, between which are synapticulae. On the 
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sides, near the lower edges, the calices flatten, become larger and 
more distant, and are either circular or faintly hexagonal in outline. 
Diameter from 4.5 to 5 mm.; distance apart, from 0.5 to 2 mm.; 
the range in the distance apart is the same as on the top, but the 
calices are more uniformly separated. The costae are distinct, low, 
and equal, with numerous intervening synapticulae. 

The number of septa to a calice is the same for both the top and 
sides, ranging from 26 to a few over 30. They are relatively thin; 
that is, not so thick as the width of the interseptal locuh, except that 
they are thickened at the wall and the principals are thickened on 
their inner ends, bearing distinct paliform lobes. The primaries and 
secondaries are subequal, extend to the columella, and are palifer- 
ous; tertiaries shorter and thinner within the calice; quaternaries, 
where present, still smaller. The wall is composed of peripheral 
synapticulae. 

Columella only slightly developed. 

The preceding description is based on a single specimen—No. 1 of 
the table. The principal variation shown by the other specimens is 
in the distance apart and size of the calices and the number of septa. 
In specimen No. 3 (see pl. 133, fig. 2) the ecalices are usually about 
0.75 mm. apart; their diameter ranges from 3.5 to 5.7 mm., and, as 
would be expected, the calicular outlines are polygonal; there are 
in the larger calices as many as 40 septa, the fourth cycle, however, 
in these calices seems never to be complete, but it is complete in 
some large calices of the Antiguan specimens. Palar thickenings 
can be seen on the larger septa; columella poorly developed. 

Localities and geologic occurrence.—Island of Antigua at numerous 
localities in the Antigua formation, collected by T. W. Vaughan. 

Porto Rico, station 3191, in the Pepino formation, 4 miles west of 
Lares, collected by Robert T. Hill. 

Cuba, station 3467, Canapu River, Manasas trail, collected by 
Arthur C. Spencer. Station 7511, between Ocujal and Palma, alti- 
tude about 500 fect a. t., near Guantanamo, Cuba, collected by O. E. 
Meinzer. Station 7514, 5 miles east of monument H4 of U.S. Naval 
Reservation, Guantanamo, Cuba, altitude 400 feet a. t., collected by 
O. E. Meinzer. 

Prof. K. Martin, director of the Geologisch Reichs Museum, Leiden, 
submitted to me for determination some material from  Serro 
Colorado, Arube, that I thought referable to this species.' At the 
time I studied these specimens I was of the opinion the species 
belonged to the genus Orbicella. The specimens referred to O. tenuis 
in the paper cited are referred in the present paper to Antiquastrea 
cellulosa (Duncan) Vaughan (see p. 407). 


1 Geolog. Reichs Mus. Leiden Samml., ser. 2, vol. 2, p. 33. 
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Cyathomorpha tenuis in some of its characters is very similar to 
Oulastrea. In fact I have vacillated between referring it to Cyatho- 
morpha or to Oulastrea, particularly as there is in the New York 
Academy Porto Rican collection a species that resembles C. tenwis, 
but is more appropriateiy referable to Oulastrea than to Cyatho- 
morpha, and a specimen, poorly preserved but apparently the same 
species, was obtained by Mr. Meinzer at Mogote Peak, east‘of the 
U. S. Naval Reservation, near Guantanamo, Cuba, in beds of the. 
same age as those in which the Porto Rican specimen was collected. 
As the Cuban material is not good enough for an accurate descrip- 
tion, the discussion of this interesting species must be deferred. 


Genus DIPLOASTREA Matthai. 


1914. Diploastiea Marrvnar, Linn. Soc. London Trans., ser. 2, Zool., vol. 17, p. 72. 
1917. Dipioastrea Vau@uan, Carnegie Inst. Washington Pub. 213, p. 142. 


Type-species.—Astrea heliopora Lamarck. 

In my paper cited in the synonymy I wrote “ Diploastrea 1s one of 
the most important genera of Oligocene corals in the southeastern 
United States and in the West Indies. Astraea crassolamellata 
Dunean, from Antigua belongs to it. It is also found in the lowest 
horizon at Crocus Bay, Anguilla; in Cuba at numerous localities; 
along Flint River near Bainbridge, Georgia; and in eastern Mexico.” 

I also remarked that Diploastrea might ultimately become a 
synonym of Cyathomerpha. Iam referring the Crocus Bay specimen 
to Cyathomorpha roxborought Vaughan, new species (see page 461 of 
this paper), and am referring the Mexican specimen to Cyathomorpha 
antiguensis (Duncan) Vaughan (p. 466 of this paper). Daploasirea, 
Cyathomorpha, and Oulastrea are closely related genera. Ail are 
fungid corals that resemble in habit the genus Orbicella, and all have 
been confused with it. Diploastrea has more coarsely dentate and 
more perforate septa than Cyathomorpha, aud it lacks the prominent, 
wide pali of Cyathomorpha; but the inner septal teeth of Diploastrea 
in many instances simulate pali. For the present at least it is desirable 
to treat each as a valid genus. According to Reuss (see p. 455 of this 
paper), Agathiphyllia differs from Cyathomorpha in not having pall; 
therefore, Diploastrea may be a synonym of Agathiphyllia. 

Before discussing the species here referred to Diploastrea, mention 
will be made of two species—Brachyphyllia eckeli! and Brachy- 
phyllia irregularis * described by Duncan from St. Croix, Trinidad. 
These, according to the figures, are fungid corals, and probably are 
referable to Diploastrea. The costae of the type-species of Diploastrea 
are either confluent or notched in the intercorallite areas. Brachy- 
phyilia, aul the type- species, By dormitzeri, has been | studied and 


Cues Soe. London Quart. Journ., ea 24, p. 13, pl. 2, fig. 4, 1867. 
2tdem, p. 13, pl. 2, fig. 5. 
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described in more detail is an unidentifiable genus (see pp. 455, 456 of 

this paper). . 
DIPLOASTREA HELIOPORA (Lamarck) Matthai. 
Plate 134, figs. 1, la, 16, Le. 


1816. Astrea heliopora LAMARcK, Hist. nat. Anim. sans Vert., vol. 2, p. 265. 

1914. Diploastrea heliopora Marruat, Linn. Soc. London Trans., ser. 2, Zool., 
vol. 17, p. 72, pl. 20, figs. 7, 8; pl. 34, fig. 9. 

1917. Diploastrea heliopora VAUGHAN, Carnegie Inst. Washington Pub. 213, 
p. 148, pl. 59, figs. 5, 5a. 


Figures 1, 1a, 1b, 1¢, plate 134, are intended to illustrate the generic 
characters of the genotype. Plate 134, ficure 1, is a natural size view 
of the calices; figure 16 is a view of the calices enlarged four times. 
These figures ulustrate the imperfect, synapticulate wall as seen from 
above, the dentate septal margins, and the trabecular columella. It 
should be noted here that the septal margins are not so prominent nor 
are they so coarsely dentate in all specimens. Plate 134, figure 1a, 
illustrates the costae of the edge of the lower part of the corallum, 
four times enlarged, and shows that the common wall originally is syn- 
apticulate and perforate. Plate 134, figure Ic, is a longitudinal section 
of the corallites, four times natural size, to illustrate the interrupted 
corailited walls, the perforate character of the septa, and the synap- 
ticulae and dissepiments on the septal faces. 

Geographic distribution.—Diploastrea heliopora is found on the 
living coral reefs of the Indo-Pacific from the east coast of Africa, 
French Somaliland, eastward at least as far as the Fiji Islands. The 
specimen here figured is from Djibouti, French Somaliland, collected 
by Dr. Charles Gravier. 

DIPLOASTREA CRASSOLAMELLATA (Duncan) Vaughan. 
Plate 135, figs. 1, 2, 3, 4, 4a, 5, 5a, 5b; plate 136, figs. 1, la, 1b; plate 137, figs. 1, 2, 3, 

4, 4a, 9. 

1863. Astraea crassolamellata Duncan, Geol. Soc. London Quart. Journ., vol. 19, 
pp. 412-417, pl. 13, figs. 1-7. 

1866. Heliastraea crassolamellata DucHASSAING and MicnHEnLorrr, Sup. Corall. 
Antilles, p. 86 (of reprint). 

1857. Heliastraea crassolamellata DuNcAN, Geol. Soc. London Quart. Journ., 
vol. 24, p. 24. 

1870. Heliastraea crassolamellata DucHASSAING, Rey. Zooph. Antilles, p. 30. 

1902. Orbicella crassolamellata and Brachyphyllia sp. VAUGHAN, Geol. Soc. London 
Quart. Journ., vol. 57, p. 497. 


The followmg are Duncan’s original descriptions of the general 
characters of this species and of the typical form, and his synopsis of 
the seven varieties into which he subdivided it: 

General description.—‘A group of forms from the Marl presents 
the following structural characteristics: Corallum very massive and 
large, with an irregular upper surface, which is convex in some parts, 
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almost flat in others, and more or less largely gibbous in all; inter- 
calicular groove very decided. Corallites usually very large, and 
never very small. Wall very delicate and indistinct; costae small; 
columella large. Septa variable in cyclical arrangement, the larger 
excessively developed at the wall and linear within. Endotheca 
abundant, but not in excess, vesicular. Exotheca not well devel- 
oped, but decided and plentiful. Calices invariably found as casts. 
Impressions prove them to have been shallow. Coenenchyma well 
developed. 

“These characters, common to many forms, are more or less varied 
in intensity in different specimens. The septal number varies 1m 
individuals of the same corallum, in one series of forms to a remarka- 
ble extent, although the corallites thus differing are nearly equal ~ 
in diameter, and are nearly, if not quite, as advanced in development. 
In other forms it is fixed to four cycles in six systems; whilst in 
some there are three cycles in some systems, and only two in others, 
the corallum being large. 

‘The form which I consider typical of the species has four perfect 
cycles in six systems; but in some corallites the rudimentary sixth 
and seventh orders of a fifth cycle exist. The specific character- 
istics—the thick and great development of the septal laminae a¢ 
their wall end, and the more or less linear, but entire, conditions of 
their internal parts—are seen in all these forms, in the primary, 
secondary, and tertiary septa, according to the relative septal arrange- 
ments. In some corallites with a low septal number, the primary 
septa alone are thus characterized; and as the higher cycles are 
seen, so the secondary and tertiary septa become enlarged and resem- 
ble the primary. The septa of the higher orders are either linear 
throughout or slightly enlarged at the wall; and as they approach 
the tertiary or quaternary, as the case may be, they are seen to 
become more equal to them in size. In examining these forms 
allowance must be made for their fossil condition; and attention 
must be given, in examining transverse sections Uf corallites, that 
they are quite at right angles to the corallite, for any obliquity will, 
of course, diminish the peculiar spear-shape or mace-shape of the 
septa, and render them more like a paddle, or a leaf with the stalk 
attached. 

“‘The tendency of the higher orders of septa to become linear 
throughout, or to be less decidedly large at one end and thin else- 
where—that is, more or less uniformly thick, but in a less degree 
than is usual at the wall—is seen throughout the species; and in @ 
gigantic variety, where the fully developed corallites have 12 or 14 
septa in every system, the whole of the sépta are less decidedly 
thick at the wall, and are either more or less so throughout, or present 
the usual form of the septa in a modified degree. 

87149—19—Bull. 108——19 
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“This species is found throughout the great Marl formation, and 
presents every variety of siliceous fossilization, from that charac- 
terized by silicification of the sclerenchyma and infiltration of the 
interspaces by granular carbonate of lime, to that where all is siliceous 
and capable of polish. Destructive silicification almost invariably 
exists in a greater or less degree; and as the sections preserved were 
made, as a rule, for ornament or amusement, I have seldom seen 
accurately transverse and longitudinal views of the corallites. 

‘All the specimens, with the specific peculiarities mentioned, may 
be ranged in several groups; that which contains the detailed char- 
acters in their greatest intensity, generally, may be considered the 
typical form. 

“a, Astraea crassolamellata, typical form. 

“Corallum large, irregularly convex above. Corallites tall, large, 
crowded here and there, but not so much so higher up or at the sur- 
face. Calices circular, but more or less elliptical when on an irregularity 
of the surface; very large, and separated from each other by well- 
marked, furrow-shaped, polygonal tracts; tracts marked by costal 
elevations and by granules.! Calices crateriform, not much elevated 
above the surface. Wall thin, and rendered insignificant by the 
great development of the septa at the margin. Fossa not deep. 
Costae numerous, and, considering the diameter of the septa at the 
wall, very small; they project but little, and are, as a rule, alter- 
nately large and small, not dentate, and often incline one to the other 
at their free edge. The larger costae present regular enlargements 
where the cross-tissue (dissepiments) of the exotheca joins them, 
when there are more than four cylces of septa, the smaller costae 
are irregular as regards their appearance and development. Colu- 
mella large, of lax laminae, parietal; it does not project much at the 
bottom of the fossa, and occupies a large space in the corallite. 
Septa numerous, generally characterized by great enlargement at the 
wall, and linear appearance in the rest of their course, the higher 
orders being nearly linear at the wall also. The number of cycles 
varies with the stage of development of the corallite. 


Analysis of the species. 


Interealicular tee ct Diameter of 
furrow. SOME Cycles. corallites. 
a. Astraca crassolamellata | Well marked....| Very thick at wall. .| 4,insome5..} 19 to 20 mm. 
(type). 
b. var. magnetica......|----- ClO) 5 Saaganeee lap eae Gomes Vora See QUEER Moa es 12.7 mm. 
o var. pulchella.......-| Less well marked|..... Owen So aae ees Variable ....| 8to12.7 mm. 
d. VAL: NOvUS Js 2ee- 2 SE TdOst ie oooe AV ery largeati wallses| 2032 do......| Variable. 
é. VAT. MINOT. ose sea Neves Osea Very thick at wall. .| 2and 3._-.... Small, variable. 
ifs var. nugenti.......-- Less marked....|...-- COR eae a ansaalinnanc doa 30. 
g. var. magnificad...---- Well marked....| Less thick, more | 4to6.......-. 8 to 25 mm. and 
linear. more. 


; 1 As none of the specimens exhibit, perfect calices many of these characters have, of necessity, been taken 
rom casts. 
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“Tn young corallites there are six systems of three cycles. As 
erowth proceeds the other orders of the fourth and sometimes of the 
fifth cycle are gradually added. Some systems are defective in 
certain orders, while others possess them. The largest corallites 
have four perfect cycles, and a fifth in two or three systems; the 
ninth order being usually wanting. It is difficult, in the larger 
corallites, to distinguish the systems on account of the resemblance 
of the primary, secondary, and tertiary septa to each other. 

“The primary septa are very thick externally, but delicate and 
linear elsewhere; the linear part joins the rest suddenly, like the © 
staff of a big-headed spear; at the junction the thick corners of the 
enlargement give off a lateral spine, like a piece of endotheca; near 
the costal end of the septa there are delicate lateral spines. The 
space between the sets of lateral spines is more or less square. The 
secondary septa are very like the primary. 

““When there are more orders in the system than five—that is, 
when there are six, seven, eight, and nine—the tertiary septa equal 
the primary and secondary, the blunt end terminating in the linear 
portion a little nearer the wall. When there are four cycles, the 
tertiary septa are smaller than the primary and secondary; and when 
there are only three cycles, as in young corallites, the tertiary septa 
are linear throughout. The quaternary septa are linear and very 
slightly developed; when there are more septa than those of the fourth 
cycle, the quaternary resemble small tertiary septa. The remaining 
septa are very small and linear, and reach a very little way from the 
wall; they are apt to curve towards the septa nearest them, In 
examining the shape of the septa in this and in all the allied forms, 
particular attention must be paid that the section is quite transverse, 
as any obliquity will more or less alter the shape of the larger end. 

‘““As regards the endotheca, the dissepiments are frequent and 
delicate, and not very much developed. The exotheca is tolerably 
well developed, but not in proportion to the size of the corallites. 
Its dissepiments form square cells. The free surface between the 
costae and calices has a few granules. Increase by extracalicular 
gemmation. 

“Marl formation of Antigua. Coll. Geol. Soc. 

“ Measurements.—Diameter of the calices in six specimens : 
{19 mm.], in seven others # inch [20 mm.], and in some from 34 to } 
inch [12.5 to 6.25 mm.]. The elliptical calices (situated on the sides 
of the corallum) are about 144 inch [27.5 mm.] in longest diameter. 
The greatest thickness of the septa at the wall is +> inch [2.5 mm.]. 
Columella + inch [5 mm.] in diameter.” 

It is obvious that Duncan had no really good specimens on which 
to base his original description of this species. I was fortunate in 
obtaining more than 60 specimens in Antigua, and have selected 14 
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of these as the basis of the following notes. Of Duncan’s varieties, 
it seems to me that magnetica, pulchella, and nobilis should be com- 
bined with the typical form of the species; that his varieties minor 
and nugenti should be combined under one name, nugenti, preferred 
by me as it is desirable to preserve the record of the part Doctor 
Nugent played in making known the fossil corals of Antigua; and that 
variety magnificea should be retained without any important change. 


DIPLOASTREA CRASSOLAMELLATA (Duncan) Vaughan, typical. 


Plate 135, figs. 1, 2, 3, 4, 4a, 5, 5a, 5b; plate 136, figs. 1, la, 1b; plate 137, figs. 1, 2, 3, 
4, 4a, 5. 


Plate 135, figure 1, illustrates, natural size, a polished surface of a 
typical specimen in Duncan’s original sense; and plate 135, figure 2, 
illustrates natural size, a polished surface of Duncan’s variety nobilis. 
Duncan did not recognize that the septa in such specimens are 
perforate and that synapticulae are abundant. These two figures 
will serve to validate the identifications here made, as reference to 
Duncan’s original figures will show. 

As I collected a series of specimens ranging from a solitary corallite 
to a fully developed corallum, the development of the corallum will 
be described. - 

Specimen No. 1.—The only solitary corallite I collected (pl. 135, 
fig. 3) is inversely sub-conical in shape, the apex broken. It is 
28.5 mm. tall, and is 16 by 18 mm. in maximum diameter. The 
older calice was damaged and a smaller calice has formed above the 
older. On the outer surface is an incomplete, finely striate pellicular 
epitheca; subequal or alternately larger and smaller, more or less 
interrupted, beaded costae are seen in the areas not covered by the 
epitheca. The costal ends are joined by synapticulae, between 
which are perforations. The wall originally is synapticulate. 
Septal margins coarsely beaded. Primary and secondary septa 
solid for the most part; tertiaries more perforate; quaternaries de- 
cidedly perforate. | Columella well developed; surface coarsely 
papillary; fossa shallow. As the structural characters of this speci- 
men are essentially identical for all other typical specimen of the 
species, descriptions of the epitheca, costae, and intercostal synapti- 
culae need not be repeated. 

Specumen No. 2.—In this specimen the primary corallite has given 
rise to one lateral bud (pl. 135, figs. 4, 4a), between which and the 
parent corallite is a slightly depressed intercorallite area. Diameter 
of parent corallite, 24 mm. Septo-costae more or less confluent 
and continuous, interrupted with perforations, joined to one another 
by synapticulae; margins coarsely, rather irregularly beaded. 

Specumen No. 3.—There are seven corallites, separated by wide 
intercorallite grooves, in this specimen. Five corallites are shown 
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on plate 135, figure 5. The lesser diameter of the three larger coral- 
lites is 19 mm.; the greater diameter ranges from 21 to about 23 mm. 
The calices of this specimen are shallow. In the calice represented 
by plate 135, figure 5b, it will be seen that the primary and secondary 
septa are subequal and are thicker than the members of the higher 
cycles. There are about 86 septa in this calice—that is, there are 4 
complete cycles and 38 quinaries. The primaries and secondaries 
are solid for the most part; the tertiaries are somewhat thinner and 
near the columella they are represented by only partially fused 
septal tabeculae. The quaternaries are thinner and more perforate 
than the tertiaries, to which they fuse by their inner ends rather 
near the columella. The quinary septa are still thinner and very 
perforate; they tend to fuse to the sides of the included quaternary. 
On the inner part of the largest septa are indefinite lobes or teeth, 
some of which simulate partially developed paliform lobes. Synap- 
ticulae are greatly developed, between both the costae and the septa; 
and there are endothecal dissepiments. 

Specumen No. 4.—This specimen is composed of seven corrallites, 
plate 137, figure 1. It differs from specimen No. 3 principally by 
having deeper calices and on some of the large septa there are fairly 
well-developed paliform lobes. 

Specumen No. 5.—Plate 136, figures 1, 1b, are two views, natural 
size, of a specimen that is essentially typical variety nobilis of Duncan. 
It differs from the typical form of the species by having somewhat 
smaller corrallites and consequently less numerous septa. Specimens 
bridging the slight gap between specimens Nos. 4 and 5 might be 
described, but to do so seems unnecessary. 

The foregoing descriptions apply to the typical form of the species; 
some variants will now be considered. 

Specumen No. 6.—Plate 137, figure 3, represents a calice and inter 
calicular areas in a specimen that differs from specimen No. 3 chiefly 
by the nonexsert calicular margins. 

Specumen No. 7.—The calices represented by plate 137, figures 4, 4a, 
are of a specimen that practically intergrades with specimen No. 6. 
The calices illustrated are smaller and the septo-costae coarser than 
in specimen No. 6. Plate 137, figure 5, illustrates a closely similar 
specimen from the base of the Chattahoochee formation, on Flint 
River, about 4 miles below Bainbridge, Georgia. The calices of the 
Bainbridge specimens are excavated, thereby differing from specimen 
No. 7. 

Specumen No. §.—This specimen, plate 137, figure 2, has corallites 
that are more prominent and more isolated than in the other 
specimens described, and the costae on the free corallite limbs are 
mostly subequal. 
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Localities and geologic occurrence.—Island of Antigua, in the Antigua 
formation, at stations 6854, Rifle Butts; 6856, Friar’s hill; 6881, 
Willoughby Bay; 6888, one-half mile north of McKinnon’s Mill, 
collected by T. W. Vaughan. Previously collected by Robert T. Hill 
and by J. W. Spencer, in addition to the material originally studied 
by Duncan. 

Island of Porto Rico, Lares road, associated with corals, represent- 
ing the Pepino formation of Hill, collected by Bela Hubbard of the 
New York Academy Scientific Survey of Porto Rico. 

Cuba, station 3481, Rio Canapu, Manassas trail, collected by 
Arthur C. Spencer. Station 7506 west side of Ocujal Spring, near 
Guantanamo, Cuba, altitude between 200 and 250 feet, at contact 
with underlying conglomerate, collected by O. E. Meinzer. Frag- 
ments from station 7522, Mogote Peak, one-half mile east of east 
boundary of United States Naval Resoreation! Guantanamo, eleva- 
tion about 375 feet, a. t., collected by O. E. Meinzer, Se ob able should 
be referred to enous ona ies (Duncan). 

Georgia station 3381, 4 miles below Bainbridge, Flint River, in 
the base of the Chattahoochee formation, collected by T. W. Vaughan. 

Panama, station 6587, Tonosi River, collected by D. F. Mac- 
Donald. A poorly preserved specimen from this locality seems 
referable to this species. 

This is stratigraphically one of the most important coral species of 
the American Oligocene, for it seems to occupy almost the identical 
horizon everywhere it has as yet been found. Its stratigraphic 
position, as at present known, is middle Oligocene; but the possibility 
of some specimens being upper Eocene needs to be borne in mind (see 
page 206). 


DIPLOASTREA CRASSOLAMELLATA var. MAGNIFICA (Duncan) Vaughan. 
Plate 138, figs. 1, 2, 2a. 


1863. Astraea crassolamellata var. magnifica DuNcAN, Geol. Soc. London, Quart. 
Journ., vol. 19, p. 417, pl. 13, fig. 3. 


The following is Duncan’s original description: ‘‘ In the smaller 
corallites of this variety the spear-shaped septa are seen; but in the 
larger, where there are from twelve to fourteen septa in a system, the 
primary, secondary, and tertiary orders are nearly equal in size. 
They have lost the extreme relative thickness between their extremi- 
ties, and, although still very thin at the columella, they are not greatly 
developed at the wall. In some corallites the septa, in transverse 
view, are not straight, but form curving radii; and in all, the relation 
which the septa bear to the interseptal spaces and to the wall is very 
much exaggerated. 

‘‘Corallites circular in transverse section; they vary much in diame- 
ter, and are now and then crowded, but generally have much coenen- 
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chyma between them. The diameters of five corallites are as follows: 

& inch [21 mm.], 3 inch [17 mm.], 1 inch [25 mm.], 145 inches [27.5 mm.] 

2 inch [12.5 mm.]. Walls very indistinct. Costae small, and appear- 

ing to be appended to all the septa. Exotheca is present and connects 

the costae. Septa numerous, especially in large corallites, where the 

cycles, which are small and rudimentary in the lesser, become well 

developed. In the smallest corallites there are six systems of four 

cycles, the fourth and eighth orders being very small. In medium- 

sized corallites there are six systems, four cycles in five systems, and 

in the sixth there are the rudimentary sixth, seventh, and eighth. 
orders. ‘The first, second, and third orders are nearly equal in size. 

In the largest there are six systems, and from twelve to fourteen 

septa in every system. Lateral teeth exist on all the primary septa 

at the place of greatest width. The higher orders in every system 

are very linear. Endotheca abundant, but not in excess. Columella. 

large, well developed, and spongy. Coenenchyma formed of cells 
produced by the costae and the exothecal dissepiments.” 

Except that Duncan failed to recognize that this is a fungid coral 
his description is good. 

I am introducing on plate 138 figures of two specimens of this 
variety, one specimen from Antigua (fig. 1); the other from Flint 
River, near Bainbridge, Georgia, (figs. 2, 2a). 

Localities and geologic occurrence.—Antigua, in the Antigua forma- 
tion, station 6881, Willoughby Bay, collected by T. W. Vaughan. 

Porto Rico, Lares road, associated with corals representing the 
Pepino formation of Hill, collected by Bela Hubbard of the New 
York Academy Scientific Survey of Porto Rico. 

Cuba, station 7522, collected by O. E. Meinzer. It was stated on 
page 476, that the fragments obtained by Mr. Meinzer on Mogote Peak 
near Guantanamo seem referable to this variety. 

Georgia, station 3381, 4 miles below Bainbridge, Flint River, in 
the base of the Chattahoochee formation, collected by T. W. 
Vaughan. 

This variety has the same stratigraphic significance as the typical 
form of the species. 


DIPLOASTREA CRASSOLAMELLATA var. NUGENTI (Duncan) Vaughan. 
Plate 138, fig. 3, 3a. 


1863. Astraea crassolamellata var. minor Duncan, Geol. Soc. London Quart. 
Journ., vol. 19, pp. 414, 416, pl. 13, fig. 6. 

1863. Astraea crassolamellata var. nugenti DunNcaN, Geol. Soc., London Quart. 
Journ., vol. 19, pp. 414, 416, pl. 13, fig. 5. 


Duncan’s original description of variety nugenti is as follows: 
“‘The specimen upon which this variety is founded has no calices 
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but the transverse views of the corallites are very distinct. Coral- 
lites one-third inch [8.3 mm.] in diameter, not crowded. Septa in 
six systems, two cycles in four systems and three in the other two. 
The tertiary orders are small, and often join the secondary near the 
columella. The primary septa are square and large at the wall, and 
not very linear, but staff-shaped within; their width at the margin is 
one-fifteenth [1.7 mm.] inch. The secondary septa are very much 
smaller and thinner than the primary, but nearly as large when the 
tertiary orders are present. Costae wide apart. Exothecal cells 
scalariform, wider than high; from one-thirtieth to one-sixtieth 
{0.8 to 0.4 mm.] inch high, and one-fifteenth inch [1.7 mm.] long. 
Endotheca abundant. 

‘‘This form has squarer headed septa, longer exothecal cells, costae 
wider apart, and a lower septal number than many of the forms of 
the species; and differs from the forms with three more or less incom- 
plete septal cycles in the greater thickness of the inner part of the 
septal laminae, the broad exothecal cells, and in the disposition of the 
tertiary septa to join the secondary.” 

The original description of var. minor is as follows: 

‘‘Corallites tall, slender, crowded, distimct; walls circular, not thick. 
Calices circular, somewhat variable in size; the largest is three-tenths 
mech [7.5 mm.] in diameter. The larger septa are spear-shaped, the 
smaller linear; they are in six systems of two cycles; rarely three cycles 
m two systems in some corallites. Primary septa much larger than 
the secondary, but nearly equaling them when there is a third cycle. 
Columella large. 

‘The alternate large and small, spear-shaped and linear septa are 
very well seen in this form. The same details as in this form are 
found in several specimens with larger corallites.”’ 

It seems to me that varieties nugenti and minor should not be sepa-= 
rated, and I am using nugenti as the varietal name. This variety is 
principally characterized by its small (diameter about 7 mm.) and 
relatively distant calices. The specimen represented by plate 138, 
figures 3, 3a, apparently has more compact structures than specimens 
more typical of the species. ‘The compact appearance I believe is in 
large part due to secondary mineral changes, and to the surface having 
been worn, for some septal perforations are recognizable and synap- 
ticulae are distinct. An unfigured specimen referred to var. nugente 
has perforate corallite walls and perforate septa, but the septa of a 
worn lateral corallite are mostly solid. As it is usual for the skeletal 
structures of stunted corals to be denser than those of specimens 
living under more favorable conditions, it is probable that nugentz is 
only a vegetational variant of typical D. crassolamellata. 

Localities and geologic occurrence.—Antigua, in the Antigua for- 
mation at station 6881, Willoughby Bay (figured specimen), and 6854, 
Rifle Butts, collected by T. W. Vaughan. 
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MADREPORARIA PERFORATA. 


Family EUPSAMMIIDAE Milne Edwards and Haime. 
Genus BALANOPHYLLIA Searles Wood. 
1844. Balanophyllia SEARLES Woop, Ann. and Mag. Nat. Hist., vol. 13, p. 11. 

Type-species.—Balanophyllia calyculus Searles Wood. 

BALANOPHYLLIA PITTIERI, new species. 
Plate 139; figs. 1, 1a, 1b, 2, 2a. 

Corallum compressed-cornute in form. The smaller of the two 
-cotypes is 32 mm. long; greater diameter of calice, 4 mm.; lesser 
diameter of calice, 8.5mm. (See pl. 139, figs. 1, la, 1b.) The larger 
cotype has both the lower and upper ends broken. It is 41 mm. long; 


greater diameter of lower end, 9.5 mm.; lesser diameter, about 7 mm. ; 


greater diameter of upper end, 20.5 mm.; lesser diameter, 13 mm. 
(See pl. 139, figs. 2, 2a.) 

Wall perforate between the costae, less perforate along the costae; 
‘becomes secondarily thickened; the interseptal loculi near the base are 
almost solidly filled. There is some pellicular epitheca, which may 
reach to within 3 mm. of the calicular edge. Costae relatively wide, 
with narrow interspaces, subequal, every fourth may be somewhat 
the more prominent where there are four cycles of septa; in general 
the costae corresponding to the primary and secondary septa are the 
more conspicuous. In profile they are flat or faintly carmate; about 
three ill-defined rows of granulations along them, or there are irregu- 
larly scattered granulations; where the costae are slightly carinate 
the median row is the more prominent. 

Septa with typical balanophylliid arrangement; in the smaller co- 
type four complete cycles and a few quinaries; in the larger cotype, 
four complete cycles and many quinaries, a total of about 78 septa. 
Paliform lobes appear well developed before the secondaries. 

Columella well developed, elongate, vesicular, protuberant in the 
bottom of the calice. 

Locality and geologic occurrence.—Costa Rica, ‘Colline en démoli- 
tion,”’ Limon, No. 618, H. Pittier collection. Station 6249, Hospital 
Point, Bocas del Toro, collected by D. F. MacDonald. The horizon 
is about that of the Bowden marl. 

Cotypes.—Nos. 325014, U.S.N.M. 


Family ACROPORIDAE Verrill. 
Genus ACROPORA Oken. 


1815. Acropora OKEN (part), Lehrb. Naturg., Th. 3, Abth. 1, p. 66. 

1902. Acropora VEeRRILL, Conn. Acad. Arts and Sci. Trans., vol. 11, pp. 164, 208 
(with synonymy). 

1918. Acropora VAUGHAN, Carnegie Inst. Washington Pub. 213, p. 159. 


Ty pe-specres. 
corms Lamarck. 


Mullepora muricata Linnaeus, s. s. = Madrepora cervi- 
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ACROPORA PANAMENSIS, new species. 
Plate 141, figs. 1, la, 1b, 2. 


Corallam composed of rather thick branches, apices bluntish, or at. 
least not acuminate. The specimen (the holotype) represented by 
plate 141, figure 1, is 58 mm. long; the diameter of its lower end is 13 
mm.; upper end broken, compressed, 20 mm. wide, lesser diameter of 
fracture 8 mm.; diameter of end of a new lateral branch not yet 
fully formed about 4.5 mm. The diameter of the lower end of the 
specimen (paratype) represented by plate 141, figure 2, is 15 mm. 

As the axial corallites are broken their characters are not known. 
Radial corallites of two kinds, protuberant and immersed or subim- 
mersed. Protuberant corallites ascending, appressed, tubular, slightly 
compressed. Length as much as 4 mm., about 2.5 mm. probably an 
average; all intermediate lengths down to the immersed corallites. 
Greater diameter ranges from 2 up to 3.5 mm.; lesser diameter from 
2 to 2.5mm. Distance apart in vertical rows or spiral from 1 to 2.5 
mm.; in horizontal plane, from 1.5 to 3 mm. Lower wall better 
developed than the upper, texture rather loose, of moderate thickness, 
outside strongly costulate with synapticulae clearly visible between 
the costules; upper edge not rounded or incurved in the cotypes. 
Upper wall short but traceable. Apertures with margins which slope 
downward and outward from the upper wall or they are short labiate, 
no nariform or dimidiate apertures were observed. Two well-devel- 
oped cycles of septa, primaries larger than the secondaries, upper 
directive more prominent than the lower; in some calices apparently 
there may be a few tertiaries. Immersed and subimmersed corallites 
smaller and with less developed septa than the protuberant corallites 

Coenenchyma porous, granulate, reticulate, costulate, and some- 
what flaky. 

Locality and geologic occurrence —Canal Zone, station 20246, cross- 
ing of Panama Railroad over Rio Agua Salud, ihemmean Botti Ridge .- 
and New Frijoles, in the Emperador limestone, collected by T. W. 
Vaughan and D. F. MacDonald. 

eave station 6854, Rifle Butts, in the Antigua formation, col- 
lected by T. W. “Venteliann 

Type.—No. 325042a, U.S.N.M. 

Paratype.—No. 3250425, U.S.N.M. 

This species belongs to the subgenus to which Brook re the 
name Humadrepora, that is, Acropora s. s., but it is not closely related 
to Acropora muricata Gannon) and Fe relatives, A. prolifera 
(Lamarck) and A. palmata (Lamarck), of the Floridian and West 
Indian region. 

ACROPORA SALUDENSIS, new species. 
Plate 141, figs. 3, 3a, 4, 4a. 


Corallum composed of relatively slender branches. The dimensions 
of the two cotypes which are branch segments are as follows: 
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Dimensions of branches of Acropora saludensis. 


| Diameter of | Diameter of 

Branch No. Length. | lower end. | upper end. 
mm. mm. 5 

il. oe Lscosod nde dooce aeaeesaaneenEeoeeb os pendcseucaoogcaeeescoenees 28 10 by 11 9 by 11 

ob OGOdEG5 CE SACS CRO HEG CEH E EH CROCE Aes HSE ai aE Et Sra Ege 34 10.5 by 12 8 by 11.5 


The diameters are given for the stem proper, exclusive of the 
corallite protuberances. The relatively greater width of the upper 
end of No. 2 is due to its apparently bemg at the base of a bifurca- 
tion. The form of the corallum was probably arborescent. 

The characters of the axial corallites not distinguishable in the 
cotypes. The radial corallites, although not all of equal size, are 
nearly all protuberant, a few subimmersed but no immersed coral- 
lites were seen; however, immersed corallites might be present on 
the basal part of the corallum. The form is ascending appressed 
tubular; length measured along lower side, 2.5 to 3.5 mm.; lesser 
diameter 1.5 to 2.5 mm.; greater diameter 1.75 to 2.5 mm.; lateral 
compression relatively slight but apparent. Lower and side walls 
well developed, thick, rather dense, outer surface usually strongly 
costulate; upper edge of lower wail more or less rounded, somewhat 
uncinate in some corallites. Upper wall only slightly protuberant 
or obsolete. Apertures nariform or dimidiate. Primary septa 
well developed; secondaries recognizable in many calices, appear to 
be usually present. 

Coenenchyma relatively dense, surface closely beset with coarse, 
somewhat elongate, more or less vermiculate granules, no well- 
defined costules. 

Localities and geologic occurrence—Canal Zone, Emperador lime- 
stone, at station 60245, crossing of Panama Railroad over Rio Agua 
Salud between Bohio Ridge and New Frijoles (cotypes); and at 
station 6016, quarry, Empire, collected by T. W. Vaughan and 
D. F. MacDonald. 

Antigua, station 6854, Rifle Butts, in the Antigua formation, 
collected by T. W. Vaughan. 

Cotypes.—No. 325043, U.S.N.M. (2 specimens.) 

This species belong in the same group of Acropora as A. squarrosa 
(Ehrenberg), A. rosaria (Dana), and A. murrayensis Vaughan,! and is 
referrable to the subgenus Rhabdocyathus of Brook. 


ACROPORA MURICATA (Linnaeus). 


1758. Muillepora muricata LINNAEUS (part), Syst., Nat., ed. 10, p. 792. 
1767. Madrepora muricata LINNAEUS (part), Syst., Nat., ed. 12, p. 1279. 


1 Vaughan, T. W., Some shoal-water corals from Murray Island (Australia), Cocos-Keeling, and Fanning 
Islands, Carnegie Institution, Washington Pub. 213, pp. 183-184, 1918. 


482 BULLETIN 103, UNITED STATES NATIONAL MUSEUM, 


1893. Madrepora muricata forma cervicornis Brook, Brit. Mus. (Nat. Hist.) Cat. 
Madrep. corals, gen. Madrepora, p. 27. 

1900. Madrepora cervicornis GREGoRY, Ann. and Mag. Nat. Hist., ser. 7, vol. 6, 
p. 30. ; 

1901. Isopora muricata s. 8. VAUGHAN, U. S. Fish. Com. Bull. for 1900, vol. 2, 

_p. 318, pl. 21, pl. 22, fig. 2. 

1902. Acropora muricata var. cervicornis VERRILL, Conn. Acad. Arts and Sci, 
Trans., vol. 11, p. 167. 

1903. Madrepora muricata DUERDEN (part), Nat. Acad. Sci. Mem., vol. 8, p. 543. 
pls. 1 to 3, figs. 1 to 27. : 

1915. Acropora cervicorns VauaHan, Washington Acad. Sci. Journ., vol. 5, 


: p. 597. 
1916. Acropora cervicornis VAUGHAN, Carnegie Inst. Washington Yearbook No, 
14. 228) 


The nomenclature of the living West Indian and Floridian species 
of Acropora is, in some respects, amusing. Brook in 1893, after 
studying the considerable collections in the British Museum of Natural 
History, reached the conclusion that the three previously recog- 
nized species from Florida and the West Indies, A. cervicornis 
A. prolifera, and A. palmata, really represented only forms of one 
species, to which he applied the specific name muricata of Linnaeus. 
Gregory in 1895! adopted the opinion of Brook, but in 1899 he 
visited the West Indian coral reefs and decided that all three supposed 
species were valid (see reference for 1900 in the foregoing synonymy). 
I studied a large suite of specimens and concurred with Brooks 
(reference for 1901 in synonymy), and Verrill in his paper for 1902 
followed the same course. From 1908 to 1915 (inclusive) I had 
extensive field experience with the living coral reefs of Florida, 
the Bahamas, and some of the Lesser Antilles, and am convinced 
that Gregory’s opinion, based on field acquaintance with these corals, 
is correct. Very rarely indeed does one find a specimen that can not 
be instantly referred to its proper species. In some of my papers 
on the ecology and growth rate of Floridian and Bahaman corals,? 
I have referred to this species as Acropora cervicornis, because 
cervicornis is a rather generally known name for it. 

Localities and geologic oecurrence.—Pleistocene at stations 5850, 
Mount Hope, and 6554, mud flat, 1 foot above ordinary high-tide level, 
Colon, Canal Zone; station 6251, Monkey Point, Costa Rica, 
collected by D. F. MacDonald; and Moin Hill, Limon, Costa Rica, 
“‘Niveau A.,’’ collection of H. Pittier. 

This species is general in the West Indian and eastern Central 
American Pleistocene reefs, where they were not exposed to the 
beat of the heavy surf. Recent; eastern Central America, the West 
Indies, and Florida. 


1 Geol. Soe. London Quart. Journ., vol. 51, p. 281, 1895. 
2 Mostly in Yearbooks Nos. 9 to 14 of the Carnegie Institution of Washington. 
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_ ACROPORA PALMATA (Lamarck). 


1816. Madrepora palmata Lamarck, Hist. nat. Anim. sans Vert:, vol. 2, p. 279. 

1893. Madrepora muricata forma palmata Brook, Brit. Mus. (Nat. Hist.) Cat. 
Madrep. corals, gen. Madrepora, p. 25. 

1900. Madrepora palmata GreGory, Ann. and Mag. Nat. Hist., ser. 7, vol. 6, 

5 28). 

1901. nee muricata forma palmata Vauauan, U.S. Fish Com. Bull. for 1900, 
vol. 2, p. 313, pls. 26 and 27. 

1902. Acropora muricata var. palmata VeRRILL, Conn. Acad. Arts and Sci. Trans., 
vol. 11, p. 166. is 

1915. Acropora palmata VAUGHAN, Washington Acad. Sci. Journ., vol. 5, pp. 597, 
598. 

1916. Acropora palmata VaucHan, Nat. Acad. Sci. Proc., vol. 2, pp. 95, 100. 

1916. Acropora palmata VauGuaN, Carnegie Inst. Washington Yearbook No. 14, 
pp. 227, 228, 229, 230. 

Localities and geologic occurrence.—Costa Rica, Pleistocene at 
station 6251, Monkey Point, collected by D. F. MacDonald. Also 
in the slightly elevated reefs around Colon Bay. 

Acropora palmata is of general occurrence in the elevated Pleisto- 
cene coral reefs of eastern Central America and the West Indies; 
and is present on the living reefs of the same region and in Florida. 
In places, as in the Bahamas, it is one of the most important reef- 
forming corals, its strong skeleton enabling it to withstand the pound- 
ing of breakers. 

Genus ASTREOPORA de Biainviile. 


1896. Astraeopora BERNARD, Brit. Mus. Cat. Madreporaria, vol. 2, pp. 77-99. 
1918. Astreopora VAUGHAN, Carnegie Inst. Washington Pub, 213, p. 145. 


Type-species.—Astrea myriophthalma Lamarck. 


ASTRBOPORA GGETHALSI, new species. 


Plate 140, figs. 3, 4, 4a. 


Corallum composed of rather large, subterete, subelliptical, or 
much compressed branches. The following are measurements of 
four broken branches: 


Measurements of branches of Astreopora goethalst. 


Diameters of | Diameters of 
Branch No. Length. lower end. upper end. 
mm. mm. mm. 
Ths Sie GOS SSO C OBO O OE Se OC OI eS SEITE ERIC Eipse ee Ted a pe a Me 85 | 27 by 56....... 26 by 711 
2a Sa Sp Aas BOS SNESS SBEBRE SOS SHAE MA CHAE SESE aE DEERE tyes 134 | 42 by 52....2.- 28 by 55 
OP ee oe tere se ele fate eicteatacclele waleie avers clelajorsioeidslsacwinjaie he cee fe 154 | 82 by 44....... 28 by 65 
Co WiGe CU e BU BGO REUSE URS OUBEH OS HOC REECE nec ERn-praess apace 186 | 16 (thick)..... 25 by 94 


1 Width at bifurcation 22 mm. below upper end. 


Calices subcircular or more or less distorted. Diameter ranges 
from 1 mm. in young, to 2 mm. in large calices, usual diameter from 
1.5 to 2mm. Distance apart from 1 to 1.6 mm. Calicular rims 
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slightly elevated, not quite 0.5 mm., due to the projection of the 
corallite walls beyond the coenenchymal surface. Distinct costae 
correspond to most, if not all, of the septa; irregular in size, but 
those corresponding to the primaries are usually the larger. 

Septa in two complete cycles, with a variable number of terti- 
aries. Primaries usually well differentiated from the other septa, 
thicker, longer, and somewhat taller; in many calices a larger 
primary marks the plane of symmetry; secondaries and tertiaries 
small. 

Columella poorly developed, in some calices a false columella 
formed by the fusion of the inner end of the primary septa is 
recognizable. 

Coenenchyma with a flattish surface between corallites, vermi- 
culately costate, with perforations between the costae in areas not 
covered by glassy-looking basal deposit, which in the cross-sections 
of some branches is solid, in the cross-sections of others there are 
platforms one above another. 

Locality and geologic occurrence.—Canal Zone, stations 6015 and 
6016, in the Emperador limestone, quarries, in the town of Empire, 
collected by T. W. Vaughan and D.F.MacDonald. The same or a 
very closely related species occurs at stations 3381 and 3383, 
respectively, 4 and 7 miles below Bainbridge, Georgia, in the base 
of the Chattahoochee formation, collected by T. W. Vaughan. 

Cotypes.—No. 325036, U.S.N.M. (2 specimens). 

Paratypes.—No. 325043, U.S.N.M. (4 specimens). 


ASTREOPORA ANTIGUENSIS, new species. 
Plate 139, figs. 3, 3a; plate 140, fig. 1. 


Corallum forming large thick branches that may be more or less 
palmate. Plate 139, figure 3, represents a branch one-half natural 
size. 

The calices are moderately deep, more or less irregular in outline, 
often subelliptical, the diameter ranges from 2 to 4 mm. Their 
margins elevated about 1 mm., and are distant from one another 
from 1.5 to 2.6 mm. Somewhat swollen around the base. Free 
limbs of corallites more or less distinctly costate. 

The septal arrangement appears often to be irregular, sometimes — 
two complete cycles and an incomplete third, in many calices the 
third cycle is complete, and occasionally a few members of the 
fourth cycle may be present. The absence of the smallest septa 
undoubtedly is often due to their destruction in fossilization. 

Columeila very poorly developed, in fact there may be none at all. 

Coenenchymal surface usually formed by a compact basal deposit, 
but in places perforations may be recognized between costae. 
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Locality and geologic occurrence.—Antigua, Morris Looby’s Hill, in 
the Antigua formation, collected by R. T. Hill. 

Georgia, station No. 3381, Russell Spring, Flint River, Decatur 
County, Georgia, collected by T. W. Vaughan, in the base of the 
‘Chattahoochee formation. 

Canal Zone, station No. 6026, 2 miles south of Monte Lirio, col- 
lected by T. W. Vaughan and D. F. MacDonald in the Culebra 
formation. ) 

Type.—Museum of Comparative Zoology. 

Paratype—Ho. 325609, U.S.N.M.; also other specimens. 

Comparison of the specimens from near Bainbridge, Georgia, with 
the smaller specimens from Antigua, fails to reveal any difference 
whatever between the specimens; and no noteworthy difference is 
seen between the other specimens and-the best one from near Monte 
Lirio. 

ASTREOGPORA PORTORICENSIS, new species. 


Plate 140, figs. 2, 2a. 


Corallum ramose, branches subcircular or elliptical in cross- 
section. Length of type, 56 mm.; greater diameter of lower end, 
16 mm., lesser, 18 mm.; width of upper end (which is bifurcating) 
about 30 mm. 

Calices moderately deep, usually deformed, one diameter longer 
than the other. A small calice has a greater diameter of 1.7 mm., 
lesser, 1.8 mm.; a rather large calice has diameters measuring 2.3 
and 1.6 mm., respectively. The distance apart of the calices varies 
from 1.3 to slightly more than 2 mm. Calicular margins scarcely 
elevated; there is really no distinctly elevated rim. 

Septa, in the larger calices, in three cycles, the last very small; 
their outer ends thick, the inner portions thin. Upper margins very 
slightly exsert. 

Columella, poorly developed. 

Coenenchymal surface usually coated by basal deposit, but in 
places costae with intervening perforations are obvious. 

Locality and geologic occurrence.—Porto Rico, station 3191, 4 miles 
west of Lares, Pepino formation, collected by R. T. Hill. 

Type—No. 325306, U.S.N.M. 

This species is very near Astreopora antiguensis,; in fact, lam by no 
means sure that they are really distinct. The type of A. portoricensis 
has smaller and less prominent calices; but some of the specimens of 
A. antiguensis from Bainbridge, Georgia, have small calices. The 
critical difference, therefore, consists in the low, nonprotuberant 
calices of A. portoricensis, a difference which, according to the 
available material, is valid, 
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Genus ACTINACIS d’Orbigny. 


1849. Actinacis D’ORBIGNY, Notes sur des Polyp. foss., p. 11. 
1860. Actinacis MitnE Epwarps, Hist. nat. Corall., vol. 3, p. 170. 


Ty pe-species.—Actinacis martiniana V Orbigny. 

I have not been able to study the type- species of this genus, a 
judging from Reuss’s figures of A. martiniana ' it is probable that the 
corals here referred to are correctly determined. 

Besides the species déscribed here, there is another species of 
Actinacis in the West Indies Tertiary formations, namely, the coral 
from the Eocene St. Bartholomew limestone, to which Duncan applied 
the name Astreopora panicea.? It will be considered in another 
paper. 

The species to which Duncan applied the names Heliastraea 
exsculpta® (not Astraea exsculpta Reuss‘) and Heliastraea cyathi- 
formis,> and which I made under the latter name, the type species of 
Multicolumnastraea,® deserves mention here. The intercorallite costae 
in Duncan’s Heliastraea cyathiformis are more or less vermiculate 
and are joined one to another by synapticulae, between which there 
are openings. This species is very close to: Actinacis, but the coarse 
columellar tubercles or pillars may warrant generic separation. 
The species, according to the stratigraphic data supplied by Mr. R. T. 
Hill, occurs in his Blue Mountain Series, of Cretaceous age, and his 
Catadupa beds, of Eocene age.’ It seems to me that the Catadupa 
beds are probably of Cretaceous age, for they contain no species of 
corals in common with the Richmond and Cambridge formations, 
while two of the five species recorded from them are common to the 
Blue Mountain Cretaceous. 


ACTINACIS ALABAMIENSIS (Vaughan). 
Plate 149, figs. 3, 3a. 


1900. Turbinaria (?) alabamiensis VauGHAN, U.S. Geol. Survey Mon. 39, p. 194, 
pl. 23; figs. 1; 2;'3; pl. 24. 


The type-specimen (Cat. No. 158482) and the paratypes (at. 
Nos. 158480 and 158481, U.S.N.M.) clearly belong to the genus 
Actinacis, to which I suggested they might belong in the original 
account of the species. The following is the original description: 

‘‘Corallum massive, the masses may be more than 20 cm. across 
and 7 cm. thick, upper surface apparently convex or concave. Gen- 


1 Beitrige zur Charakteristik der Kreideschichtenin den ostalpen, K. K. Akad. Wiss. Wien. Math.- 
Naturw.-Cl., vol. 7, pl. 24, figs. 12-15, 1854. 

2 Geol. Soc. London Quart. Journ., vol. 29, p. 561, 1873. 

3 Idem, vol. 21, pp. 7, 8, 11, 1865. 

41. K. Akad. Wissensch. Wien. Math.-Naturw. Cl., Denkshr. vol. 7, p. 114. 

5 Geol. Soc. London Quart. Journ., vol. 21, pp. 7, 8, pl. 1, figs. la, 1b, 1865. 

6 Mus. Comp. Zool. Bull., vol. 34, pp. 235-237, pl. 37, figs. 5, 6, 7; pl. 38, fig. 1, 1899. 

7 Vaughan, T. W., Mus. Comp. Zool., vol. 34, p. 231, 1899. 
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eral appearance of the corallum is as if composed of superimposed 
laminae. Calices shallow (?), crowded; diameter; 1.5 mm.; distance 
apart, quite constantly 1 mm. Coenenchyma, of superimposed 
irregularly perforate laminae. Wall, perforate. Septa, perforate, in 
three complete cycles; 12 septa reach the columnella; the members 
of the third cycles usually fuse by pairs to the sides of an included 
septum (the first and second cycles can not be distinguished from 
each other, and therefore it can not be known whether the septa 
of the third fuse to the sides of the first or second). Sides granulate. 
Pali are probably present, but no detail could be made out. Columella 
very well developed, spongy. 

“Locality.—Salt Mountain, 6 miles south of Jackson, Alabama. 

“Creologic horizon.—‘Coral limestone,’ above Vicksburg beds.” 

“T have not been able to decide positively whether this is an Acti- 
nacis or a Turbinaria. It probably belongs to the latter genus.” 

The following is a description of a species of Actinacis, referred to 
A. alabamiensis, from Flint River, near Bainbridge, Georgia: 

Corallum forming large explanate masses, a foot or more across 
and 70 to 75 mm. thick. The perpendicular section shows a thinly 
Jamellate structure. 

Calices small, 1.3 to 1.5 mm. in diameter, usually separated by less 
than their own diameter of coenenchyma. The coenenchyma is 
composed of flexuous, perforate, granulated costae, which are fused 
into a reticulum by abundant synapticulae. The calices are dis- 
tinctly differentiated from the coenenchyma, but a definite wall is 
only poorly developed; where it is present, it appears to be due to 
a zone of peripherally disposed synapticulae. The costae often lead 
directly across the coenenchyma from one calice to the next, thus 
joining the septa of adjacent calices. 

Septa slightly less in thickness than the-interseptal loculi. The 
usual number is about 20, the third cycle as a rule is incomplete, 
arranged with reference to a plane of symmetry. The presence of a 
directive plane and the grouping of the septa into pairs or groups of 
threes is characteristic. Pati occur at the junctions of the inner 
ends of the septa—it seems that the full number is 12. The inter- 
septal loculi are conspicuously open; if any synapticulae are present, 
they are rare. 

Columella well developed, composed of septal processes. 

A species of Actinacis, apparently the same as A. alabamiensis, was 
collected by me in Antigua. It is represented by a small piece 
61 mm. long, 33 mm. wide, and 25 mm. in maximum thickness. 
The upper surface is nodose; calices from 1.25 to 1.5 mm. in diameter; 
coenenchyma composed of a fine trabecular mesh work. This speci- 
men seems to me to belong to the same species as the specimens from 
near Bainbridge, Georgia, that I am identifying as A. alabamiensis. 

37149—19—Bull. 1083——20 
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Localities and geologic occurrence.—Alabama, Salt Mountain, 6 miles 
south of Jackson, in the ‘‘coral limestone” above the top of the 
Vicksburg group, collected by T. W. Vaughan (the type). 

Georgia, station 3381 and 3383, on Flint River, respectively 4 and 7 
miles below Bainbridge, in the base of the Chattahoochee formation, 
collected by T. W. Vaughan. 


Antigua, West Indies, station 6854, Antigua formation at Rifle 


Butts, collected by T. W. Vaughan. 

This species is of a high order of importance in the correlation of 
American Oligocene deposits. 

The septal arrangement in A. alabamiensis is similar to that 
of Porites in the presence of a plane of symmetry and the tendency 
of the septa to fuse by their inner ends in pairs. The septa them- 
selves, however, are very different, being lamellate, almost imper- 
forate, and sharply differentiated from the surrounding coenenchyma. 

Professor Felix in his Anthozoen der Gosauschichten in den 
Ostalpen+ has redescribed and figured A. haweri Reuss and A. 
martiniana d’Orbigny. He does not speak of the bilateral symmetry 
of the calices but both of his figures indicate such a condition, as in 
each there are two opposite elongate septa that connect with each 
other through the columella. I take it, then, that the calices of 
A. martiniana are bilaterally symmetrical with the septa grouped 
not very definitely in two’s, three’s, four’s, or five’s on each side of 
the median plane. 

It seems probable that Actinacis may be intermediate in characte 
between the families Acroporidae and Poritidae. These notes and 
suggestions are made in the hope that some one with the requisite 
material may make a more careful study of the Cretaceous species 
of the genus to determine the relations of those two families. 


Family PORITIDAE Dana. 
Genus GONIOPORA Quoy and Gaimard. 
1833. Goniopora Quoy and Gaimarp, Voyage de I’ Astrolabe, Zool., vol. 4, p. 218. 


Type-species.—Goniopora pendunculata Quoy and Gaimard. 
GONIOPORA HILLI, new species. 
Plate 142) figs. 1, la. 


Corallum composed of flattish plates, which may be more than 20 
em. wide and 4 cm. thick and appear to have grown in a subhori- 
zontal position. 

The calices are polygonal, from 3 to 4 mm. in diameter, from 1 
to 1.5 mm. deep, separated by walls from 0.75 to 1.25 mm. thick. 
The walls are crossed by rather low costae, and in places there is some 


1 Palaeontographica, vol. 49, pp. 176-178, figs. 2,3, 1903. ~ 
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-intercalicular reticulum, but it usually does not well up and form 
peaks, ridges, and crests between the calices. 

Septa of the normal gonioporid number and arrangement, outer 
parts thick and subequal, all relatively narrow in their upper parts, 
and either fall steeply or slope to the level of the large columella 
tangle, which is joined by the primaries and secondaries and the ter- 
tiaries fuse to the secondaries near it. Usually 3 or 4 teeth on the 
margins. Paliform lobes not greatly developed. 

Columella tangle large, about 1.5 mm. in diameter, more than one- 
third the diameter of the calice; its upper surface forms the flattish 
or gently concave bottom of the calices. 

Localities and geologic horizon.—Canal Zone, stations 6015 and 6016, 
quarries in the Emperador limestone, Empire, T. W. Vaughan and 
D. F. MacDonald, collectors. 

Type.—Figured specimen No. 325058, U.S.N.M. 

Paratypes.—No. 325057, U.S.N.M. 


GONIOPORA PANAMENSIS, new species. 
Plate 142, figs. 2, 2a, 2b. 


Corallum forms thick plates, which may be more than 17 cm. wide 
and as much as 5 cm. thick in the center, thin on the edges. Growth 
form similar to that of Goniopora hill. 

Calices large, but irregular in size and distribution, because of the 
large development of intercorallite reticulum, which in some areas 
wells upward and forms nipple-shaped peaks in the angles between 
the entirely circumscribed calices or forms ridges with calices on each 
side. The diameter of the calices ranges from 2.5 to 3.5 mm.; the 
intervening walls or ridges range up to 2.5 mm. thick, their length 
ranges up to 13 mm., where as many as three calices occur in a single 
valley, their height ranges up to2 mm. Costae can be traced across 
the intercorallite walls and the ridges between calicinal series. 

Septa rather thick, about 24, arrangement indefinite, but according 
to the gonioporid plan; they slope to the bottom of the calice or their 
outer part is narrow and falls steeply to the level or the columella 
tangle, to which the primaries and secondaries extend. Three or 
four dentations on the margin of each large septum. Paliform knots 
present, but lobes are not conspicuous. 

Columella tangle well developed, but not so large as in @. Aalli. 

Localities and geologic horizon.—Canal Zone, stations 6015 and 6016, 
quarries in the Emperador limestone, Empire, collected by T. W. 
Vaughan and D. F. MacDonald. 

Anguilla, station 6894, Crocus Bay, collected by T. W. Vaughan. 

Type.—Figured specimen, No. 325053, U.S.N.M. 

Paratypes.—No. 325054, U.S.N.M. 
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GONIOPORA DECATURENSIS, new species. 


Plate 143, figs. 1, la. 


Corallum lamelliform, the lateral expansion far exceeding its 
thickness. The specimen selected as the type is a portion of a coral- 
lum, 90 mm. across and about 23 mm. thick. Another specimen is 
49 mm. long, 35 mm. wide, and 7.5 mm. thick. The upper surface 
is plane or undulate. When the corallum is foliaceous, it may be 
irregularly flexed. 

Calices polygonal, shallow, superficial or only slightly excavated. 
Usual diameter 2.5 to3mm. The wall, when somewhat worn, usually 
has a membraniform appearance, being almost continuous, inter- 
rupted in‘places, but forming a quite distinct boundary between ad- 
jacent calices. In other instances there may be no well-defined 
boundary to the calices. Two rows of synapticulae frequently rein- 
force the wall in the peripheral portion of the interseptal loculi 

Septa of variable thickness on the same specimen, usually mod- 
erately stout; on the thinner lamellae they are thick. The thickness 
of the septa seems to be correlated with the thickness of the colony. 
When the corallum is thick the septa are thin and vice versa. The 
normal number is 24, although there are in some places a few less, in 
others afew more. The usual arrangement is six primaries extending 
directly to the axis, with a triplet group of a secondary and two ter- 
tiaries between each pair. A directive plane could be observed in 
some calices, but the septa are too much damaged to permit discov- 
ering all the details of the arrangement. The margins are dentate, 
five to seven dentations on each longer septum. The faces with the 
usual granulations. Synapticulae rather abundant, but not greatly 
crowded, variable in thickness. 

Columella tangle well developed. 

The texture of the corallum is of variable firmness, depending upon 
the thickness of the septal trabeculae, the synapticulae, etc., how- 
ever, 1t seems never to be especially dense. 

Localities and geologic occurrence.—Georgia, station 3381, Blue 
Springs, 4 miles below Bainbridge; and station 3383, Hale’s Landing, 
7 miles below Bainbridge, Flint River, Decatur County, in the base of 
the Chattahoochee formation, collected by T. W. Vaughan. 

Cuba, station 7523, Mogote Peak, 250 feet a. t., 4 mile east of U.S. 
Naval Reservation, Guantanamo, Cuba, collected by O. E. Meinzer. 

Type.—No. 325031, U.S.N.M. 

Besides the lot of specimens referred to the species in the fore- 
going description, three other types or kinds of Goniopora occur on 
Flint River at Blue Springs and Hale’s Landing. It is impossible 
with the material at hand to decide whether they are distinct species 
or only varieties or forms of G. decaturensis. However, as it seems 
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very probable that two of these are only varieties of G. decaturensis, 
they are named and described as such. 


GONIOPORA DECATURENSIS var. SILICENSIS, new variety. 


Plate 143, figs. 2, 2a. 


This is a specimen 113 mm. long, 54 mm, wide, and 20 mm. thick. 
The upper surface is slightly undulated, there is one deep depression, 
but it may have been caused by a burrowing animal or the surface 
may have been corroded. 

Calices 2.5 to 4 mm. in diameter, larger than in typical G. decaturen- 
sis. Septa decidedly thin; texture light and fragile. 

Locality and geologic occurrence.—Georgia, station 3381, Flint River, 
Blue Springs, 4 miles below Bainbridge, in the base of the Chatta- 
hoochee formation, collected by T. W. Vaughan. 

Type.—No. 325026, U.S.N.M. 


GONIOPORA DECATURENSIS var. BAINBRIDGENSIS, new variety. 


Plate 143, figs. 3, 3a. 


Two small, inflated, rounded specimens are referred to this variety. 
No. 1, length 26.5 mm., width 25 mm., thickness 13.5 mm.; 
No. 2 (type), length 33 mm., width 24 mm., thickness 19 mm. 

Calices superficial, about 3 mm. in diameter. 

Septa moderately thick. 

These specimens are separated from typical G. decaturensis solely 
on the growth form. 

Locality and geologic occurrence.—Georgia, station 3381, Flint River, 
Blue Springs, 4 miles below Bainbridge, in the base of the Chatta- 
hoochee formation, collected by T. W. Vaughan. 

Type.—No. 325029, U.S.N.M. 

GONIOPORA REGULARIS (Duncan). 
1863. Alveopora daedalaea var. reqularis DuNcAN, Geol. Soc. London Quart. Journ., 
vol. 19, p. 426, pl. 14, figs. 4a, 4c. 
1867. Alveopora daedalaea Duncan, Geol. Soe. London Quart. Journ., vol. 24, p. 25. 


1901. Alveopora regularis VAUGHAN, Geolog. Reichs. Mus. Leiden Samml., ser. 2, 
vol. 2, p. 71. 


Duncan's material of this coral is very poor, consisting of casts and 
mineral replacements of the original skeleton; and, as [ pointed out 
in my paper cited in the synonomy, he incorrectly gave the dimensions 
of the corallites. The diameter is not ‘3 line” [=about 1 mm.] as 
stated by Duncan, but is usually 2 mm., with a range from 1.5 to 2.5 
mm. I have three photographs of Duncan’s type (No. 12949, Coll. 
Geol. Soc. London), and after having made a large collection in 
Antigua identify with certainty the species represented by Duncan’s 
poor specimen. It is aspecies of Goniopora and is one of the common- 
est corals in Antigue, where I obtained about 30 good specimens. 
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The corallum is usually more or less turbinate in shape, rising from 
a narrow base, expanding upward, with a lobulate, but somewhat 
flattish upper surface. The dimensions of the largest specimen are as 
follows: Least diameter of fracture on basal surface, 5 cm.; height 18.5 
cm.; diameter of upper surface 22 by 25.5 cm. Some specimens are 
more or less columniform; others are glomerate. 

The calices are from 2 to 2.5 mm.in diameter and are separated 
by distinct, straight walls, or there is some costate intercorallite 
reticulum. 

The septal formula is normal for Goniopora, but the septa are more 
distinctly lamellate than is usual. There is a wide, detached, septal 
granule, that is usually compressed in the septal plane and is plate- 
like. Pali well developed; plate-like in many calices. 

This species will be described in detail and figured in a forthcoming 
report. 

Localities and geologic occurrence.—Antigua, at nearly every expo- 
sure of the coral reef in the Antigua formation, collected by T. W. 
Vaughan. 

Porto Rico, zone C, near Lares, collected by Bela Hubbard, of the 
New York Academy Porto Rico investigations. 

Arube, Serro Colorado. 


GONIOPORA REGULARIS var. MICROSCOPICA (Duncan). 
1863. Alveopora microscopica DuNcAN, Geol. Soc. London Quart. Journ., vol. 19, 
p. 426, pl. 14, fig. 5. 
1867. Alveopora microscopica Duncan, Geol. Soc. London Quart. Journ., vol. 24, 
Dp: 2p. 
Duncan based Alveopora microscopica on a silicified specimen (No. 
12951, Coll. Geol. Soc. London), of which I have a photograph. 
This is a small calicled species of Goniopora, with rather strikingly 
lamellate septa. I obtaimed in Antigua three specimens that I 
identify with Duncan’s species, which probably is only a variant of 
Goniopora regularis. G. microscopica has a more regularly rounded 
corrallum and smaller calices, 1.25 to 1.5 mm. in diameter; other- 
wise I detect no important differences. 
Locality and geologic occurréence.—Antigua, stations 6856, Friar’s 
Hill, and 6881, Willoughby Bay, Antigua formation, collected by 
T. W. Vaughan. 


GONIOPORA JACOBIANA, new species. 
Plate 144, figs. 1, la, 2, 2a, 3, 3a. 


A description of the type (pl. 144, figs. 1, 1a), is as follows: Coral- 
lum obtuse, columniform. Horizontal diameter 160 by 165 mm.; 
height 133 mm. +, top damaged, when perfect probably about 210 
mm. tall. Successive shells of skeletal substance are recognizable. 

Calices shallow, polygonal in outline,-usual diameter slightly more 
than 3.5mm. Intercorallite walls rather narrow, with some reticu- 
lum, septa traceable through it, in places about 1 mm. wide. 
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Septa thin, formula complete, arrangement typical. Margins with 
an average of 5 or 6 delicate teeth between the columella and the 
wall, 8 teeth were counted on each of a few septa. There is no con- 
spicuous palar crown. 

Columella tangle weakly developed; apparently a central tubercle 
was present in a number of the calices. 

Locality and geologic occurrence.—Cuba, station 3446, La Cruz 
marl, first deep cutting east of La Cruz near Santiago, collected by 
T. W. Vaughan (type). 

Florida, station 6775, White Springs, Alum Bluff formation, col- 
lected by T. W. Vaughan and C. W. Cooke. 

- Type.—No. 325077, U.S.N.M. : 

There are two undescribed species of Goniopora that are nearly 
related to G. jacobiana. One of them is from the Chipola mar! mem- 
ber of Alum Bluff formation, Chipola River, Florida. Its calices are 
of the same size and its septa are fragile as in G. jacobvana, but the 
intercorallite reticulum is a more curly mesh-work in which the 
radial skeletal elements are obscure or are less conspicuous than in 
G. jacobhiana. ‘This difference in the reticulum seems to constitute a 
valid specific distinction. The other closely related species is from 
the Bowden marl, Bowden, Jamaica. As the calices of the Bowden 
specimen average about 2.3 mm. in diameter, they are distinctly 
smaller than in G. jacohiana. The radial elements are obvious in 
the intercorallite reticulum, but it is somewhat flaky. The Bowden 
specimen may belong to G. jacobiana, but with the small amount of 
material for comparison, it must, for the present be considered 
distinct. 

In addition to the two species mentioned, there is a somewhat 
similar species found abundantly in the calcareous marl of Anguilla, 
where I collected about 50 specimens of it. This species forms 
columniform or gibbous. masses, composed of successive caps. It is 
not so massive as Gr. jacobiana, the columns are more slender, and 
its calices are more excavated. | 

The only observed difference between the type of G. jacobiana 
and the specimen from White Springs, Florida, identified with that 
species, is that the calices of the White Springs specimen may be 
somewhat deeper. To refer specimens so simllar in habit and strue- 
tural detail to different species appears unjustifiable. 


GONIOPORA IMPERATORIS, new species. 
Plate 142, figs. 3, 3a. 


Growth form as a compressed, lobate column, 54 mm. tall, 22 mm. 
thick, 37 mm. wide (excluding a lateral lobe which is about 13 mm, 
long). 
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Calices sunken between a rather regular mural network, diameter of 
calicular openings 1.5 to 2.5 mm., diameter measured between mural 
summits 2.5 to 3.5 mm., depth about 0.75 mm., separating walls 
from 0.75 to 1.25 mm. wide. The walls are rather flat-topped and 
are composed of costal prolongations of the septa joied together by 
synapticulae. In places there is considerable intercorallite reticu- 
lum, but it does not form protuberances between the calices; where 
the surface is well preserved, subequal costae extend across the walls. 

Septa of normal gonioporid arrangement, in the typical formula; 
above the bottom of the calices they are narrow, extending down 
the insides of the walls as short ribs, which bear about three inwardly 
projecting dentations; at the bottom of the calice they widen and 
the primaries and secondaries extend to the columellar tangle. Well 
developed paliform lobes occur just inside the junction of the ter- 
tiaries with the secondaries and form a crown around the periphery 
of the columellar tangle. Width of interseptal loculi less than the 
thickness of the septa. 

Columellar tangle well developed, large, forms a flattish bottom 
to the calices, width about one-half the calicular diameter. 

Locality and geologic occurrence.—Canal Zone, station 6016, quarry, 
in the Emperador limestone, Empire, collected by T. W. Vaughan and 
D. F. MacDonald. 

Anguilla, stations 6893, 6894, 6966, 6967, all coralliferous beds at 
Crocus Bay; station 6969a, bottom bed, Road Bay, collected by 
T. W. Vaughan. 

Type—No. 325049, U.S.N.M. 

This species really should have been based on the Anguillan mate- 
rial, of which I collected 34 identifiable specimens. In fully devel- 
oped colonies the branches are subcircular or elliptical in cross 
section, and range from 30 to 55 mm. in diameter. The distance 
between mural summits ranges up to 4.5 mm. but is usually less. 


GONIOPORA CANALIS, new species. 


Plate 146, figs. 1, 2, 3. 


Corallum composed of compressed branches. The following are 
measurements: 


Dimensions of branches of Goniopora canalis. 


Greater di-| Lesser di- B/aE UN 
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The lower end of each specimen and the tops of Nos. 3 and 4 are 
broken. Some coralla are evidently formed of rather thin, branching 
plates. 

Calices polygonal, usual diameter 3 mm., young calices about 2 
mm. in diameter, an occasional large one as much as 4 mm.; depth 
from 1 to 1.25 mm.; separated by walls from 0.75 to 1.25 mm. thick. 
The walls are crossed by costae and usually form a fairly regular 
network around the calicular cavities, but in places there is con- 
siderable intercalicular reticulum. In places there are low, rather 
indefinite ridges which may extend the length of as many as four 
calices. The tops of the walls are rounded or subacute. 

The septa are normal gonioporid in number and arrangement; 
they are thick at the wall, becomes thinner toward the center; 
their upper part narrow, gradually sloping to the columella tangle, 
which is joined by the primaries and secondaries; margins with about 
6 fine dentations. 

Columella tangle not very conspicuous. 

Locality and geologic horizon.—Canal Zone, station 6016, quarry in 
the Emperador limestone, Empire, collected by T. W. Vaughan and 
D. F. MacDonald. 

Anguilla, station 6966, middle bed, Crocus Bay, collected by 
T. W. Vaughan. 

Cotypes.—Nos. 325052, U.S.N.M. (3 specimens). 

I am not certain the G. canals is really different from G. impera- 
toris. 

GONIOPORA PORTORICENSIS, new species. 
Plate 146, figs. 4, 5. 


Corallum ramous, branches rounded in cross section or very com- 
pressed, a branch of the latter form is 34 mm. wide with a maximum 
thickness of about 9 mm. 

Calices polygonal, shallow, usual diameter 2mm. The outer ends 
of the septa are flattened and fused together, separating the calicular 
depressions by a wall about 0.5 mm. thick. 

Septa delicate, very perforate, in three complete cycles. Margins 
finely and delicately denticulate; about five small thin teeth on a 
long septum. Pali appear to be poorly developed, not specially 
differentiated from the ordinary septal dentations. 

Columella weakly developed. 

Locality and geologic occurrence.—Porto Rico, station 3191, 4 
miles west of Lares, Pepino formation, collected by R. T. Hill. 

Antigua, stations 6854, Rifle Butts; 6881, Willoughby Bay, in the 
Antigua formation, collected by T. W. Vaughan. 

Type.—N 0. 325061, U.S.N.M. 

Paratype.—No. 325060, U.S.N.M. 
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This species resembles compressed specimens of Goniopora clever 
Vaughan, from which it is distinguishable by its thin septa, with 
delicately dentate margins. 

GONIOPORA CLEVEI, new species. 
Plate 145, figs. 1, 2, 2a, 3, 4, 5, 5a, 6, 6a. 

Corallum branching. The type (pl. 145, figs. 2, 2a) is an irregu- 
larly shaped portion of a branch, selected because it permits the 
septal arrangement to be definitely determined. It is 44 mm. long; 
greater diameter of lower end, 12 mm.; of bulged portion, 15.5 mm. 
Probably some of the irregularity of form may be caused by erosion. 
Another broken specimen, a paratype, is represented by plate 145, 
figure 1. 

Calices shallow, circular, or subcircular, 2 to 2.4 mm. in diameter. 
They may be close together or separated by reticulate and costate 
coenenchyma, as much as 1 mm. across; usually in the type, which is 
worn, they appear distinctly separated from the bounding coenen- 
chyma and sharply defined by a peripheral zone of synapticulae. 

There are 12 large lamellate septa with typical poritid arrangement, 
solitary directive, four lateral pairs, and a directive triplet; the,inner 
ends of the laterals in the triplet are directed toward, but not actually 
fused, to the inner end of the principal directive. The outer ends of 
these larger are often bifurcated, or costae (these are to be considered 
rudimentary septa) exist between them, in some instances bringing 
the number up to 24. Pali well developed, six in number. 

Columella tangle rather dense, with an axial tubercle. 

Locality and geologic occurrence.—Island of Anguilla, West Indies, 
P. T. Cleve, collector (type); stations 6893, 6894, 6966, Crocus Bay, 
and 6970, 130 to 140 feet above sea level, east end of Road Bay, 
Anguilla, collected by T. W. Vaughan. 

Canal Zone, station 6016, in the Emperador limestone, collected by 
T. W. Vaughan and D. F. MacDonald. 

Antigua, station 6854, Rifle Butts, Antigua formation, collected by 
T. W. Vaughan. 

Type.—University of Upsala. 

Paratype.—University of Upsala. 

Paratypes.—Nos. 325111 (8 specimens), 325115 (1 specimen), 
U.S.N.M. 

It was decidedly difficult to decide whether this species should be 
referred to Porites or Goniopora. Bernard says: ‘‘These fossils with 
12 central rays might almost be considered as transition forms toward 
Porites having to all appearance only 12 septa; but whenever it can 
be distinctly seen that a certain number of these septa fork before 
they reach the wail, I assume that the forking is the vestige of the 
fusion of the septa characteristic of Goniopora, and that therefore 
there are more than 12.” ! 


1 Brit. Mus., Cat. Madrep. Corals, vol. 4, Gen. Goniopora, p. 21. 
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While in Anguilla in 1914 I collected about 40 identifiable speci- 
mens of this species, and am illustrating a series on plate 145, figures 
3, 4, 5, 5a. The branches are thickish and blunt-ended, having some 
resemblance in growth form to the thicker-branched forms of Porites 
porites, such as are common on the reefs on the east side of Andros 
Island, Bahamas. The calices of these specimens are not perfectly 
preserved, but in many a third cycle of septa is clearly recognizable. 
I therefore am convinced that the species is referable to Goniopora. 

Doctor MacDonald and I collected in the quarries at Empire, Canal 
Zone, a number of specimens that seem completely to agree with the 
Anguillan specimens. One of these is represented by plate 145, 
figures 6, 6a. 

Flattened specimens of G. clever resemble specimen of G. portori- 
censis, but the latter has thinner and more delicately dentate septa, 
and in it the tertiary septa are more developed. 


GONIOPORA CASCADENSIS, new species. 
Plate 146, figs. 6, 6a, 6b, 7, 8, 9. 


Corallum composed of relatively slender, subterete branches. A 
branch segment 40 mm. long is 9 by 10 mm. in diameter at the lower 
end and 8 by 9 mm. in diameter at the upper end, showing 1 mm. 
decrease in diameter for 40 mm. in length; but branches may be 
thicker, up to as much as 15 mm. in diameter. 

Calices slightly excavated, polygonal, from 1.75 to 2.6 mm. in 
diameter, separated by more or less discontinuous walls, in some 
places a straight or zigzag wall ridge is traceable, but in other places 
there seems to be none. Where there is a wall ridge, rather coarse 
mural denticles corresponding to the outer ends of the septa are 
present. In places mural reticulum is present and coarse radial skele- 
tal structures are clearly traceable through it. 

There are 12 large septa which extend to the columellar tangle, 
and about 12 small septa which fuse in pairs to the sides of an included 
septum (assumed to a secondary) about halfway between the wall 
and the columellar tangle. The septal granules seem to be arranged 
according to the following scheme: A ring of outer granules which 
are adherent to or only slightly detached from the wall, a ring of 
intermediate granules which correspond in position to the place of 
fusion of the small (tertiary) septa to the sides of the secondaries, 
and an inner ring of granules which form paliform knots around the 
periphery of the columella tangle. The intermediate and inner rings 
seem constantly recognizable, but the outer ring‘is not always defi- 
nitely developed. The interseptal loculi are about as wide as the 
thickness of the septa. 

Columella tangle well developed; width more than one tdite| the 
diameter of the calice. In some calice a central styliform process is 
distinguishable. 
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Locality and geologie occurrence.—Canal Zone, station 6020c, in the 
Culebra formation at Las Cascadas, collected Ise Wp We: Worghan and 
D. F. MacDonald. 

Anguilla, station 6967, Crocus Bay, collected by T. W. Vaughan. 

Antigua, station 6854, Rifle Butts, Antigua formation, collected by 
T. W. Vaughan. 

Type.—No. 325072, U.S.N.M. (pl. 146, figs. 6, 6a, 60). 

Paratypes.—No. 335074, U.S.N.M. (8 specimens). 

This species is one of those that is intermediate betweea Porites 
and Goniopora. As there are short tertiary septa within the wall, 
according to Bernard’s treatment of such forms, it is referred to 
Gonopora. 

The types are from Las Cascadas, Cana] Zone. The calices of 
the specimens from Anguilla are not so well preserved as those of the 
cotypes, but the identifications seem reasonably certam, as there is 
agreement in all general characters and in the observed anna 


Genus PORITES Link. 


1807. Porites Link, Beschreibungen der Naturaliens Sammlungen, Rostock, p. 
162. 
1918. Porites VAUGHAN, Carnegie Inst. Washington Pub. 213, p. 138. 


Type-species.— Madrepora porites Pallas. 
PORITES PORITES (Pallas). 


1766. Madrepora porites Patuas (part), Elench. Zooph., p. 324. 

1901. Porites porites forma clavaria Vaucuan, U.S. Fish Com. Bull. for 1900, 
vol-)2, p::316,;)pl. .29;.pl..31,, fig.;2. 

1902. Porites porites VAUGHAN, Biol. Soc. Washington Proc., vol..15, pp. 56-858 
(with references to literature and history of the name). 

1909. Porites porites var., VAUGHAN, Carnegie Inst. Washington Yearbook No. 7, 
p. 135. 

1912. Porites clavaria VAUGHAN, Carnegie Inst. Washington Yearbook No. 10, pp. 
148, 152, 156, pl. 4, fig. 4c; pl. 6, figs. 3, 4. 

1915. Porites clavaria VAUGHAN, Washington Acad. Sci. Journ., vol. 5, p. 597. 

1916. Porites clavaria VauGHAN, Nat. Acad. Sci. Proc., vol. 2, pp. 95, 98. 

1916. Porites clavaria VAUGHAN, Carnegie Inst. TWachineton Siar No. 14, p. 
228. 


This is one of the species of corals to which most attention was 
given during my studies of the Floridian and Bahamian reef corals, 
and it is referred to in most of my reports in Yearbooks No, 7-14, 
inclusive, of the Carnegie Institution of Washington, usually as 
Porites clanaria: because that is the more generally known name. 

Localitres wal geologic occurrence.—Recent throughout the coral- 
reef areas of the West Indies, the eastern side of Central America, 
Florida, and the Bermudas. 

Pleistocene, in the elevated West Indian reefs. 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 499 


Miocene, Santiago, Cuba, in the La Cruz marl, at station 3441, east 
of La Cruz, near crossing of the road from Santiago to the Morro 
‘over the railroad, collected by T. W. Vaughan. As these specimens 
agree in all details that I can discover, with the thicker-branched 
forms of P. porites, I am referrmg them to that species. This adds 
another to the considerable list of living species recognized in the 
La Cruz marl. 

PORITES FURCATA Lamarck. 


1816. Porites furcata Lamarcx, Hist. nat. Anim. sans Vert., vol. 2, p. 271. 

1887. Porites furcata Ratupun, U. 8. Nat. Mus. Proc., vol. 10, p. 361, pl. 15, figs. 
1-3; pl. 17, fig. 1. 

1901. Porites porites forma furcata VAUGHAN, U.S. Fish Com. Bull. for 1900, vol. 
Zep aolo. pl. s0-eplyols tow J 

1902. Porites polymorpha VERRILL (part), Conn. Acad. Arts and Sci. Trans., vol. 
11, p. 158. 

1913. Porites furcata VAUGHAN, Carnegie Inst. Washington Yearbook No. 10, p. 
156, pl. 5, figs. 5c, 6c, 7, 8; pl. 6, figs. la, 1b, 2a, 2b. 

1915. Porites furcata VAUGHAN, Washington Acad. Sci. Journ., vol. 5, p. 597. 

1916. Porites furcata VauGHAN, Nat. Acad. Sci. Proc., vol. 2, p. 95. 

1916. Porites furcata VauGcuHAN, Carnegie Inst. Washington Yearbook No. 14, p. 
228. 

Localities and geologic occurrence.—Canal Zone, Pleistocene at sta- 
tions 5850 and 6039, Mount Hope, and 6554, dug out of mud flat, 
about 1 foot above ordinary high-tide level, Colon, collected by D. F. 
MacDonald. 

Costa Rica, Moin Hill, Niveau a, H. Pittier collection. 

Porites furcata is a common Pleistocene species. It is usual in the 
material behind elevated, sea-front reefs of the West Indies and east- 
ern Central America, and it is one of the most abundant corals on 
the flats inside the living coral reefs in the same region and Florida. 
It has not been found in Bermudas.! 


PORITES BARACOAENSIS, new species. 


Plate 147, figs. 1, la. 


Corallum composed of slender branches. The type, a fragment of 
a branch, is 26 mm. long; lower end, subcircular in cross section, 6.25 
mm. in diameter; 8.5 below upper end, the diameter is 6 by 8 mm., 
showing some flattening just below a bifurcation. 

Calices polygonal, excavated but rather shallow; diameter from 
1.25 to 2.25 mm., about 1.75 mm. usual. Wall straight, acute or with 
rather coarse knots corresponding to the outer ends of the septa; a 
distinct mural shelf is present in all or nearly all calices. 

Septa arranged into a solitary directive, four lateral pairs, and 
a ventral triplet. There is a circle of septal granules detached from 
the wall and fused by their bases, forming a mural shelf on the inner 
margin of which the granules stand up as compressed knots or as 


1 See Verrill, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 158, 1902. 
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plates. Usually there are six pali; that is, normally there are pali 
before the lateral pairs, the solitary directive, and the triplet. In a 
few calices there is a palus before each member of the triplet, making 
eight pali in all; and in a few calices there is no recognizable palus 
before the solitary directive, the total number of pali being only five. 
The pali are solidly fused in the bottom of the calice one to another 
and to the columella tangle. No columellar tubercle was seen in 
any calice. 

Locality and geologic occurrence.—Miocene, Cuba, station 3476, marl, 
Baracoa, collected by T. W. Vaughan (type). 

Miocene, Jamaica, Bowden marl, Bowden, received from Hon. 
T. H. Aldrich. 

Type.—No. 325069, U.S.N.M. 

There is no other previously described species of Porites, fossil or 
living, in tropical or subtropical America closely resenbling P. 
baracodensis. Superficially it looks like the living P. furcata Lamark 
or P. diwaricata Le Sueur; but the definite mural shelf, above which 
the wall stands at its distal edge and the special granules on its inner 
edge, is distinctive. 


PORITES BARACOAENSIS var. MATANZASENSIS, new variety. 
Plate 147, figs. 2, 2a, 3, 4. 


Corallum composed of attenuate branches of small diameter. A 
fragment 15 mm. long is 38 mm. in diameter at one end and 3.25 mm. 
in diameter at the other. The maximum diameter of a branch seems 
to be about 3.75 mm., except where there is some flattening just 
below a bifurcation. The length of branches exceeds 20 mm., and 
probably is as much as 40 to 50 mm., or even more. . 

Calices polygonal, very shallow or even surficial; diameter from 
2 to 2.75mm. Wail slightly elevated, continuous and acute or with 
knots corresponding to the outer ends of the septa. Usually there is 
a distinct mural shelf. 

The septal characters are the same as those of P. baraccdensis, ex- 
cept that the pali are less conspicuous and the septa in the upper half 
of the calice are usually elongated and have between three and five 
teeth on their margins between the wall and the columella tangle. 
But in some calices the upper septa are not produced, and in these 
the septal characters are the same as in typical P. baracoéensis. Be- 
cause of the presence of calices presenting the same characters as 
those of typical P. baraocodensis, a varietal designation seems all that 
is justifiable. 

Locality and geologic occurrence.-—Miocene, Cuba, station 3461, 
mari, gorge of Yumuri River, Matanzas, collected by T. W. Vaughan. 

Type.—No. 325067a, U.S.N.M. (pl. 147, figs. 2, 2a.). 
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Paratypes.—Nos. 3250676, U.S.N.M. 

Apparently the specimens from Yumuri gorge lived in deeper or 
quieter water than those from Baracoa, for the differences are of the 
kind incident to such differences in ecologic conditions. The speci- 
mens of Stylophora granulata from the Yumuri gorge are decidedly 
more attenuate than those from Baracoa; and the specimens referred 
to Madracis mirabilis are very slender and fragile. 


PORITES DOUVILLEI, new species. 
Plate 149, figs. 2, 2a; plate 151, figs. 1, la. 


Corallum composed of compressed, more or less coalescent branches. 
Plate 151, figure 1, represents a part of a corallum 66 mm. long, 
15 mm. in maximum thickness, and 40 mm. wide; the specimen, 
represented by figure 2 of plate 149, is 35.5 mm. long and 11 mm. 
in maximum thickness. 

Calices shallow, polygonal, 1.25 to 2 mm. in diameter, 1.5 mm. 
probably about an average; separated by usually continuous, straight, 
membraniform walls, along the top of which are a few mural denticles 
corresponding to the outer ends of the septa; where the septa are 
distally forked there may be a denticle for each fork. 

Septa forming four lateral pairs, two on each side of the plane of 
symmetry, a solitary directive, and a ventral triplet with the inner 
ends of its members free from each other. A ring of thickish septal 
granules is detached from the wall, standing about half way between 
it and the palar ring; the outer ends of a number of septa fork 
between the septal granule and the wall. Pali well-developed, 
formula complete or suppressed on one or more members of the 
triplets, suggestions of trident formation in some calices. Synapti- 
culae in two rings, the outer corresponds in position with the septal 
granules and is usually incomplete, the inner is the palar symyna oles 
ring and normally is complete. 

Columella tangle consists of a central tubercle joined by radii to 
the pali. 

Locality and geologic occurrence.—Canal Zone, station 6016, quarry 
in the Emperador limestone, Empire, collected by T. W. Vaughan 
and D. F. MacDonald. 

Coty pes.—Cat. No. 325106 (2 specimens), U.S.N.M. 


PORITES TOULAI, new species. 
Plate 150, figs. 1, la, 2, 3, 4. 


Corallum composed of elongate, rather slender, subterete, or only 
slightly compressed branches. The following measurements of 
broken branches indicate the shape and size. 
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Measurements of branches of Porites toulai. 


5 Diameter of | Diameter of 
Specimen No. Length. lower end. upper end. 
DLE a ese ar ane SEN ee etre IC ay Aa A Sa eae i 40.5 | by 8 6.75 by 7.5 
SER ARE NS IRIE HOY re SS NN 46 | 3.8 by 14 12 by 14 
BS SEUSS eS CE OR ues BS ie RSA SAAD AASOS 74 | ie 17 8 by 10.5 
| 


Specimen No. 3 has been somewhat compressed by pressure. 

Calices shallow, diameter about 1.75 mm., a few large calices have 
a greater diameter of as much as 2.5 mm. There is a pronounced 
tendency for the calices to occur in rather short, longitudinal series. 
One series is 5.5 mm. long and contains 4 calices, one of which is 
immature; another series, which is shehtly curved, is 7.5 mm. long 
and contains 5 calices. The calices within a series are separated by 
indistinct walls; in fact, between some no definite wall is recogniz- 
able, the distal ends of septa from one calicinal center being continu- 
ous with the distal ends of the septa belonging to the next center. 
Such series are formed by fission. The walls between adjacent series 
are definite; a wall-ridge is usually but not invariably recognizable, 
it is interrupted and straight or somewhat zigzag. There is in places 
a considerable development of intercalicular or interserial reticulum, 
in which the radial (costal) skeletal elements are conspicuous. 

The septal arrangement is irregular as would be expected in a coral 
in which asexual reproduction is largely by fission. Groups of calices 
from two specimens are shown on plate 150, figures la, 4. The 
scheme where complete seems to be a solitary directive, two lateral 
pairs on each side of the plane of symmetry, and a ventral triplet in 
which the inner ends of the lateral members converge toward the 
included directive and join it by synapticulae, but such a schematic 
arrangement is rarely recognizable. There are usually from 10 to 14 
septa fusing in pairs or in threes, with a solitary septum, the directive 
plane being indicated in many calices by an elongate septum, to the 
inner end of which the columellar tubercle may be attached. Usually 
coarse septal granules slightly detached from the wall form a ring, 
and the pali form a ring surrounding the columellar tangle. There 
is indefiniteness and irregularity in the pali as there is in the septa; 
the normal number seems to be five or six. There are an outer ring | 
of synapticulae, more or less fused to or detached from the wall, and 
an inner palar ring. 

There is a well developed, rather prominent columellar tubercle, 
which is joined by radii to the inner ends of the septa. 

Locality and geologic occurrence.—Canal Zone, station 6016, quarry 
in the Emperador limestone, Empire, collected by T. W. Vaughan 
and D. F. MacDonald. 

Type.—Cat. No. 325105a, U.S.N.M. pl. 150, figs. 1, 1a. 

Paratypes.—Cat. No. 325105), U.S.N.M. (3 oeimane. 
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PORITES ASTREOIDES Lamarck. 


1816. Porites astreoides LAMARCK, Hist. nat. Anim. sans Vert., vol. 2, p. 269. 

1887. Porites astreoides RatuBun, U.S. Nat. Mus. Proc., vol. 10, p. 354. 

1901. Porites astreoides VAUGHAN, U.S. Fish Com. Bull. for 1900, vol. 2, p. 317, 
pl. 32; pl. 33; pl. 34, figs. 1, 2. 

1902. Porites astreoides VERRILL, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 
160, pl. 31, fig. 4. 

1902. Porites verrilli VERRILL, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 161, 
Dish sek D. 

1903. Porites astraeoides DUERDEN, Nat. Acad. Sci. Mem., vol. 8, p. 550, pls. 3-5, 
figs. 28-42. 

1912. Porites astreoides VAUGHAN, Carnegie Inst. Washington Yearbook No. 10, 
pp. 148-156, pl. 4, figs. 3a, 3d, 3e; pl. 5, figs. 5b, pl. 6, figs. le, 2e. 

1915. Porites astreoides VauGHAN, Washington Acad. Sci. Journ., vol. 5, p. 597. 

1916. Porites astreoides VAUGHAN, Nat. Acad. Sci. Proc., vol. 2, p. 98. 

1916. Porites astreoides VAUGHAN, Carnegie Inst. Washington Yearbook No. 12, 
pp. 226, 227, 228, 231. 

This is one of the coral species to which I devoted much attention 
during my field studies in Florida and the Bahamas. The results of 
my observations and experiments have mostly been published in 
Yearbook Nos. 7 to 14, inclusive, of the Carnegie Institution of 
Washington. 

Localiives and geologic occurrence.—Canal Zone, Pleistocene, station 
6039, Mount Hope, collected by D. F. MacDonald. This species is 
general in both the living and the Pleistocene coral reefs of the 
Caribbean region and Florida. It is also found living both in the 
Bermudas and on the Brazilian reefs.’ 

I collected in the Miocene La Cruz marl in and near Santiago, 
Cuba, a number of specimens of a massive species of Porites that I 
can not distinguish from P. astreoides. The station numbers are 
3436 and 3438, south side of the city along the trocha; 3446, first 
deep cutting east of La Cruz, along the railroad. 


PORITES PANAMENSIS, new species. 


Plate 148, figs. 1, 2, 3, 3a. 


The type is the upper part of a plate, which is 90 mm. tall, 75 mm. 
wide, and 28 mm. in maximum thickness near the lower end. One 
side is nearly flat, while on the other there are two low gibbosities. 
(See pl. 148, fig. 3.) 

Calices excavated but not very deep, circumscribed, 1.5 to 2 mm. 
in diameter, or confluent in short series of about three calices. Wall 
coarse, rather ragged in appearance, forms a considerably interrupted, 
usually straight, occasionally zigzag, elevated ridge with coarse knots 
along its top. As asexual reproduction is largely by fission, there 
are no definite walls between many calicinal centers. 


1 Verrill, Conn. Acad. Arts and Sci. Trans., vol. 11, p. 161, 1902. 
37149—19— Bull. 1083——21 


504 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


There is irregularity in the number and arrangement of the septa 
resulting from the formation of new calices by fission. They are 
usually rather thick and in many calices are bent in an irregular way. 
In fully developed calices there are 12 septa with the usual solitary 
directive, four lateral pairs, and a directive triplet. The laterals of 
the triplet are more or less free from the directive of the group, but 
usually appear to converge toward its inner end. Septal granules 
irregular in development, rarely forming a definite, clear-cut ring, 
more or less attached to the wall. Pali from six to eight in number, 
irregular in development. No definite outer synapticular ring, but 
a few synapticulae correspond in position to the septal granules; palar 
synapticular ring better developed. 

There is a columellar tubercle rising in the middle of an irregular 
columellar tangle. : 

Locality and geologic occurrence.—Canal Zone, stations 6015 and 
6016, quarries in the Emperador limestone, Empire, collected by 
T. W. Vaughan and D. F. Macdonald. 

Type.—No. 325063, U.S.N.M. 

Paratypes.—Nos. 325064, U.S.N.M. (2 specimens). 

The type and three other specimens are plates with undulations or 
low gibbosities on the sides. This growth-form grades into nodose 
columns (see pl. 148, fig. 1, for growth habit, and fig. 2 for an enlarged 
view of the calices of another specimen of similar growth-form). As 
the good suite of specimens shows that these are only intergrading 
growth-forms of the same species and as they occur together at sta- 
tion 6016, separate nomenclatorial designation appears unnecessary. 


PORITES ANGUILLENSIS, new species. 
Plate 149, figs. 1, la, 1b (type); plate 150, fig. 5. 


The following is a description of the type: Corallum composed of 
thin, more or less undulate, separate laminae, resting one on another. 
The underside epithecate to the edge, the epitheca minutely, regularly, 
and concentrically striate. The type-specimen consists of two such 
laminae, both broken. The greatest thickness of the two is about 
15 mm., the greatest width 58 mm. One lamina is 5 mm. thick in its 
thickest portion, the edge is thinner. 

The calices are shallow, subcircular, 1.7 to 2.3 mm. in diameter, 
separated by flat coenenchymal walls, 0.8 to 1 mm. across. The 
coenenchyma is perforate, but rather compact and costate. 

Septa rather thick, normal number 12, with solitary directive, 
four lateral pairs, and the laterals on the sides of the principal direc- 
tive loosely fused to it or continued to the columella tangle. Pali, 
usually six in number, before the lateral pairs, on the ends of the 
solitary and principal directives. As a rule, there is a prominent 
dentation at the inner edge of the wall. Synapticulae well developed, 
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three rows in the wall, and a ring of thick ones, coinciding with the 
palar ring, around the axis of each corallite. Trabeculae of columellar 
tangle coarse; axial tubercle present. In longitudinal section there 
are in 3.5 mm. about 11 synapticulae; in the same distance about 10 
vertical rods. The spaces of approximately the same thickness as 
the solid parts, except that the median portion of a synapticula is 
thinner than its ends. 

Locality and geologic occurrence.—Island of Anguilla, West Indies, 
collected by P. T. Cleve; Crocus Bay, Anguilla, collected by T. W. 
Vaughan. 

Canal Zone, station 6016, in the Emperador limestone, Empire, 
collected by T. W. Vaughan and D. F. MacDonald. 

Type.—University of Upsala. 

Duplicate specimen from the Cleve collection and other specimens 
in the United States National Museum. 

This is an abundant species at Crocus Bay, Anguilla, where I col- 
lected it in both the lower and the upper part of the exposure on the 
south side of the bay. The epitheca is not always distinct on the 
lower surface, but I can not be sure whether it has been worn off or 
was not developed. ‘ 

One of the two specimens from Empire, Canal Zone, is represented 
by plate 150, figure 5. The calicular characters are obscure but they 
seem to be the same as those of P. anguillensis. The general facies of 
the specimens is identical with that of P. anguillensis. 


Subgenus SYNARAEA Verrill. 
1864. Synaraea VERRILL, Mus. Comp. Zool. Bull., vol. 1, p. 42. 


Type-species.—None was designated by Verrill; therefore I select as 
the type-species Porites erosa Dana, the first species in Verrill’s list 
of those referred by him to Synaraea. 

PORITES (SYNARAEA) HOWEI, new species. 
Plate 151, figs. 2, 2a, 3, 3a, 4. 


Corallum composed of rather small, slightly or greatly compressed, 
even subpalmate, branches, on some of which longitudinal carinae are 
well developed. Plate 151, figures 2, 3, 3a, are natural size illustra- 
tions of two specimens. The thickness of the lower end of the speci- 
men represented by figure 2 is 6 mm., of the upper end of the same 
specimen about 5.5 mm.; the width and length of the specimen are 
indicated by the figure. 

The calices are small, about 1 mm. in diameter, and occur more or 
less in series from 5 to 18 mm. long between reticular coenenchymal 
ridges, that range in thickness from a merely dividing partition up to 
2 mm. wide, and in height up to a maximum of about 1 mm. 

Septa small, 12 in number, with the usual poritid arrangement. 
The laterals of the triplet converge toward the inner end of the direc- 
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tive and fuse to it at the periphery of the columellar tangle. A 
circle of fairly prominent septal granules distinguishable just within 
and more or less attached to the wall. Pali small, but distinct and 
relatively prominent, usually six in number, on the inner ends of 
the two directives and before the lateral pairs. The synapticular 
rings are very clearly distinguishable, apparently there are two, the 
outer of irregular development. 

Columellar tangle well developed, with a small, erect central 
tubercle. 

Locality and geologic occurrence.—Canal Zone, station 6016, quarry 


in the Emperador limestone, Empire, collected by T. W. Vaughan. 


and D. F. MacDonald. 
Cotypes.—No. 325113, U.S.N.M. (3 specimens). 


PORITES (SYNARAEA) MACDONALDI, new species. 
Plate 152, figs. 1, 2, 3, 3a, 4, 5, 5a. 


Corallum begins growth as an explanate plate with humps and 
gibbosities on its upper surface, by continued growth the protuber- 
ances rise into crests and compressed columiform lobes. The series 
of illustrations on plate 152, figures 1, 2,3, 4,5, indicate the growth- 
forms. 

Calices of moderate size, average about 1.5 mm. in diameter, occur 
separately or in series, usually in series which range in length from 
the diameter of two or three calices up to 18 mm. long with 11 calices. 
Within the series, although the calicinal centers are clearly demarked, 
the walls between adjacent calices are only slightly developed, 
but the series are separated by distinct fairly continuous walls, 
which are costate on top, or by coarsely reticular coenenchyma. In 
many places the reticulum rises upward between calices, especially 
at their corners, and forms papillae, similar to those in the papillate 
species of Montipora. Such papillae may be single, with a basal 
diameter of about 1 mm. and a height also of about 1 mm., or they 
may fuse and form ridges as much as 7 mm. long and 1.5 mm. thick 
at the base. The reticulum composing the papillae is of coarse 
texture. 

As new calices are largely formed by fission, the septal arrangement 
is not definitely schematic. Where it appears possible to recognize 
a ventral directive, the laterals of the triplet are joined to it by 
synapticulae at the periphery of the columellar tangle. There is a 
ring of septal granules slightly detached from the wall, and corres- 
ponding to it in position is an incomplete ring of synapticulae; 
pali are present, but usually indefinite in development, in one calice 
there appear to be eight; palar synapticulae indefinite. 
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Columellar tangle composed of indefinite, confused processes 
from the inner ends of the septa among which an axial plate is recog- 
nizable in a few calices. 

Locality and geologic occurrence.—Canal Zone, station 6016, quar- 
ry in the Emperador limestone, Empire, collected by T. W. Vaughan 
and D. F. MacDonald. 

Anguilla, station 6893, Crocus Bay, collected by T. W. Vaughan.. 

Cotypes.—No. 325046a, U.S.N.M. (4 specimens.) 

The identification of the specimen represented by plate 152, 
figures 5, 5a (No. 3250466, U.S.N.M.), is not positive. 


Class HY DROZOA. 


Order HYDROCORALLINAE Moseley.! 
Family MILLEPORIDAE L. Aggassiz. 


Genus MILLEPORA Linnaeus. 
MILLEPORA ALCICORNIS Linnaeus. 


1758. Millepora alcicornis LINNAEUS, Syst. Nat., ed. 10, p. 791. 

1898. Millepora alcicornis Hickson, Zool. Soc. London Proc. for 1898, p. 256. 

1901. Millepora alcicornis VauGHAN, U.S. Fish Com. Bull. for 1900, vol 2, p. 318, 
pls. 35-38. 


Locality and geologic occurrence.—Canal Zone, Pleistocene, stations 
5850 and 6039, Mount Hope, collected by D. F. MacDonald. One of 
the two specimens is partly incrusted by Polytrema mineaceum 
(Linnaeus). Millepora alcicornis is found living on the West Indian 
and Floridian coral reefs nearly everywhere there are such reefs 
and in the Bermudas. According to Hickson, there is only one 
living species, which is Indo-Pacific as well as Atlantic in its distri- 


bution. 
‘ EXPLANATIONS OF PLATES. 


PLATE 68. 
West Indian Shore Lines. Page 
AG ricerislanda Harbor, Antiqua... 00s 3 ceo pole ec ee nde a. Si co lo 273 
ASEM CERO AY NeATEIO AS tris) c yo 2 oi ar ay te shay areas ae Yat ate Sy at ese 273 
Ce Eublikenvbay. Ste Bartholomew. (cerns yeas. eeemmeaisat: Geka elie | sat 275 
DeeSiaJeanvbay.ot. Dartholomew <2: 2. jos y ja tee ee eiatel: «tre eee 275 
PLATE 69. 
West Indian Shore Lines. 
A@eeombte blanches Sts Martin oc0 220252) 5 ee iene LS Beleel ee Te ee ee 276 
B. East side of Crocus Bay, north side of Anguilla.............2.....2-20---. 276 
Cz CallssPond. Anguilla | 2: a tts eee eae SRO EN asa NS ne 277 
D. Shore, south side of Anguilla, looking toward St. Martin...............-- 276 


1 These organisms are not corals, but, as they are usually associated with corals and contribute calcium 
carbonate to reefs, accounts of them are frequently included in discussion of Madreporia. 
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Puate 70. 
West Indian Shore Lines. 


A. Looking into the mouth of Charlotte Amalia Harbor, St. Thomas..........- 
Be Chiision southern shore oijet wl bomassee cesar ese aae aaa oe 
©. Alluvial plain at head of an embayment, St. Thomas..............-.----- 
D. Mountains on north, limestone plain on south, St. Croix..........- pas 
PLaTE 71. 
West Indian Shore Lines. 
A. Santiago Harbor, Cuba, looking into the harbor; slightly elevated coral reef 
rockin tleftiforeproumd esis CO lye ais eae SOO ee ane 
B. Santiago Harbor, Cuba, looking seaward through its mouth.............--. 
C) Yumurigorge, “Matanzas; Cubase eee cages eee eee eee 
Db. Yumuni Valley above theigorge, oie es a) eee ee at ie se ee 
PuatTE 72. 
Views of Isle of Pines, Cuba. 
A. The general ‘plaims 205 ees ae, A CE eee. SES ees 
B.>Daguilla, a:monadnock of hard rock: $52. 05,200.32 ele oe aoe ee 
C.. Lowerpart of course of: Santa We)River....cs- 22-4454. o5 oes 
PLATE 73. 
Model of Gulf of Mexico and Caribbean Sea................-.....-.--+----- 
PLATE 74. 


Stylophora imperatoris, new species. 


Fies. 1, la. Two views of the type, from station 6016, Empire, Canal Zone. 


1 VCoralhimirnmaturalisiz ewes saaie vet Sele Se eae a Le ee ae lS ae 

la. Calices, X 8. The slightly protuberant upper calicular margins 

aresat thewichtin the foures sya Sethe acs clcicpye le ope pases 

2. 7A\secondsspecimen irom ‘station 6016) C3. 02 assess eee eee 

3. A third specimen from station 6016, natural size................--.-- 

4, 4a. Two views of a specimen from station 6894, lowest bed, Crocus 
Bay, Anguilla. 

AN artiOnmsuriacey Matunraleizen jc sake, ssi Ses. Seas a ee eee 

Aq. Calicés:>@ 3... Compare figures 2.and4q.0- 24s sae eee 

5. Specimen, natural size, from station 5853, Canal Zone. ...........--- 


Puate 75. 


Fias. 1, la. Stylophora panamensis, new species. Two views of the type. 


1. Corallum,natural’size. :.. 00.02. 228s 222 Se es Se ee eee eee 

Las Calices X18). sik. SoS Te oe US ae eee ee 
2, 3, 4. Stylophora goethalsi, new species. 

2. Type: icorallum,naturalsizere eee nos. aes Se) ee Os as years 

33 -Lip\of.a branch, natural sizes. 44....2'. 5.2... Sie ee, ee eee ee 

4: Calices.okanother specimen) <i 8. 93 2525 220g ee eee 
5, 5a, 6, 6a, 7a. Stylophora macdonaldi, new species. 

5. Tip of a branch, natural size; 5a, the same, X 3...-...-.----..-- 

6. A part of a branch, natural size; 6a, the same, X 3................ 

7. Part of another branch, natural size; 7a, calices of the same, X 8.-.- 


334 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 509 


PLATE 76. 

Fies. 1, la. Stylophora portobellensis, new species, two views of the type. Page. 
nora: aaa tuTalesizee tn hoe ere ech ne trae, cic Metre ep tisee atas Saat 338 
HCA CEST pater sty ries Seite canoe ao ete ene ten aes a eee Biles 338 

2, 2a. Stylophora canalis, new species, two views of the type. 
Peworallum=s DAtULAl:SLZG sce etc ise c cm ei Se tee eee 341 
DEUCES HEX Selene ana cce a Soe eras oe ee ee ae OR oe ET ee 341 
3, 3a, 3b. Pocillopora arnoldi, new species, three views of the type. 
SOC SLANC Mee Ma CURA SI ZO mee resets meter er eeepc ae anne NC fat 348 
Bd; CHINO ASKS seas SARC SABER BSH SO DEO U DEO eee ne ae see emer are 343 
4, 4a. Astrocoenia portoricensis, new species, two views of the type. 
Amma OTA: NALUTAL SIZOs cece e wise ele oe sass cine eae ema arene beige ills 300 
ANG), GENET EETs SS Rie la ae eet tn CTS ee a a me sc te ee 350 
PLATE! 77; 

Fies. 1, la. Pocillopora baracoéensis, new species. 
es rane nan a GUT als 7 Ome ycr err ue ern are an oe ys Pa eye aaa south au aea Aiea 344 
rem OTC CSE Gg tales aes corse ve yas a Rebsaat a el CaN Sic Calg geet wep aus yaa Fae 344 

2, 2a. Pocillopora guantanamensis, new species. 
QuaCorallaum<maturalisizes: ssw ooo wero ts sad net See ae a ee lee 344 
DOs Cal Ces iC ibis saree ais os ere rarapore ela tateteverrst ais syscatarchs Urs ie ign 2 gd Bac 344 
3, 3a, 3b. Thysanus hayesi, new species. 
SERCO AT CU ATISUTLAC Ose eee tare elses eh raeret a Sicha eate cis ereceaiat soe eRe ete 424 
Byrd I BYEVSTo as Sees AE fares es sy era ar MR ce Nene A ERT ae 424 
SOMMSI Ose 2s Zettel teres pS S pecan beens MURS 7s ce ale eave 424 
PLATE 78. 


Fies. 1, la. Astrocoenia portoricensis, new species, two views of form with 
subterete branches. 
Nmebran chan aturalupi7 ess sseces ee alsisyse 59 sete ee apne ee see OO 


Taps" (CEM DVeYeS ED <its a teie  ies e ceaaee Be ae eer Nee Paes vada oR 351 
2, 2a. Astrocoenia d’achiardi Duncan. 

Drab ranch patina lisi Ze sic sale ea jos Wee taspa bea ae es han) oe ee aa 346 

aE OMT COS XO rrr ea ate Ri eee eta in eT en Ota REO aay RL eR Ea ore 346 


3, 3a, 4, 4a. Astrocoenia decaturensis, new species. 
3. View, natural size, of the corallum; 3a, calices, < 5, of the type from 


near -bainbrdee;, (Gators ccs fo ts ceciie soem mate errr enema ara 348 
4. View, natural size, of the corallum; 4a, calices, X 5, of a specimen 
HPOMPCAM GIOUA =o) coc cots ce we cece a eee mee een etme eR RINE Rets Meena ae 348 
PLATE 79. 


Fies. 1, la, 2. Astrocoenia guantanamensis, new species. 
1. Corallum, natural size; 1a, calices, X 5, of type, from Guantanamo, 


CCHIT Of esc en aa AYE Datars UAE Psat ara ee che Mes sh Lr agi MD Ma ee arac 347 

2s specimen trom Tonost; banamar:calicess Gio soe eee ss rae nee ont 347 
3, 3a. Astrocoenia meinzeri, new species. 

3 Corallume ma turalisiz ere ye 232 ee ees ea) LN Aa PMR Re EE R349 

SOO ATC ES Or O eee eee oo ES eT LAD me Sen tee Ro eee aa Ha SR RM fene AAA N 349 
4, 4a, 4b. Dichocoenia tuberosa Duncan. 

4. Corallum, natural size...... BASU ISSO hi) 8 Se ONSEN 2 al ie ice parr 360 

Aa © OSTAON eI NE oo ate ne Os 9 aN x ss Se ELS TE oo a al ne Sn 360 


ATEN © ALC CONG Sarees ee ale re ete PTE re Sia ee oe seater aha rs ena gaat Rio 360 
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PLATE 80. 


Fias. 1, la, 1b, 2, 3. Archohelia limonensis, new genus and species. 
1. Corallum, natural size; la, calice, X 4; 1b, axial corallite, x 4, of 
the Gy per oo ee we ete cle rales crete ie rata anete oa a as RES Pixies cal 
2, 3. Views, natural size, of two paratypes....-..-------.:---------6- 
4, 5, 6, 6a. Asterosmilia hilli, new species. 

Aol ova umay, 2 oka ae sae sete neta ereke epee ale slosh talots cave crepe vars eteie nrc pe 
5. Corallmmes 542i ese ee ee ee yell Shem rcrel eau race «sisters aeons 
6. Corallum, X 24, 6a, calice, X 3, of the same specimen............ 
7, 7a, 7b. Orbicella annularis (Ellis and Solander), three views of the 
specimen identified by Milne Edwards and Haime as Heli- 

astraea stellulata (Ellis and Solander). 
7. Corallum mve-sixths natural sizescsee acerca eos aoe eee eee 
UGE NORNBOES XC SESS OR SEE A Sone See Se apouodoModndoddneEakodoacnsoSds 
7b. Longitudinal section of corallites, X 34..... cele a cllava SyLohate (es Ogee 


Puate 81. 


Orbicella annularis (Ellis and Solander). 


Fries. 1, la. Two views of a typical specimen from Tortugas, Florida. 


i Corallum: natural sizes. 32 <.5-.- sh nebo Seas eee aoe 
has Callie esi ee Sea ee Gael es St el UNG ga reece 
2. Variant with nodular surface, X 4, from Tortugas, Florida........... 
PLATE 82. 
] 


Orbicella annularis (Ellis and Solander). 


Figs. 1, la. Variant from Mayaguez, Porto Rico. 
Ds Corelli! SAB ete es ap aie ena Nery 7 AY che 
IGM OPN HiD Gin hice ee U eA re ee ME a Ae EL RRS A Sak Oo oe 
2. Variant, discoidal in form, <4, from Fort Taylor, Key West, Florida. . 


PiatTE 83. 


Orbicella annularis (Ellis and Solander). 


Fic. 1. Calices ot Verrill’s type of Orbicella hispidula, X3...-2----2--ja2----=- 
2. Calices, <3, of a specimen from Port Castries, Saint Lucia............ 
3, 3a. Two views of a specimen of Orbicella hispidula Verrill, from the reef 
east of Cocoanut Point, Andros Island, Bahamas. i 
Bo Coralia SCRE SE ee SA Sh a al oe Se See 
30. Partot thesuriace, natural sizer sare. a yainns os eee ee 


PiaTE 84, 
Orbicella annularis (Ellis and Solander). 


Fic. 1. Calices of the type of Echinopora frankst Gregory, X3......---------- 

2. Corallum of columnar growth-form from Tortugas, Florida, natural size. 

3, 3a. Two views of a variant with columnar growth-form from Westpunt, 
Curacao. 

3: Corallum natural sizes .c 0... Ye Se eee ee 

Bal Cali Ces, CB ee Vie Se eae Lop cag Ua 


Page. 
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PLATE 85, 
Orbicella limbata (Duncan). 
Page 
Fics. 1, la. Two views of an original specimen of Duncan’s Plesiastraca ramed. 
ie: Corgnillivandy nei hue lve ne ads 6S ae oe ee a eee d6e  Soesance 376 
Tig CRATIG SEH SB ee aid athe ae os AN eR a a ee BN ie ere 376 
2, 2a, 2b. Three views of the same specimen in the Museum of Compar- 
ative Zoology. 
Pelboneitudimal section. Maturalesizen yee 0.7.20 ojos 2 wc lslo ee elselcle(s/e = 377 
PompLoncitudinal sectlomy Ose scare cent cociocs sacs oe aa stalls eotelevlaierelala 377 
OMRON CES once ee ts oc Cen ects tect e ces a/b sierelaisieloiuelsiarste 377 
SeOalices:: <3 ou another Specimen ye sca 2 chs oe. = cicieisis cle lies sao ele 377 
4, 4a. Two views of one of the original specimens referred to by Duncan 
as Phyllocoenia sculpta var. tegula. 
Age Suiniaceror Coral” ema bral STze iy kes ea 8 ino) see ee EEE oe 377 
Bay CEA CIS AD a Sel aera ES ariel selena ere mC ie eae erential OBE 377 
PLATE 86. 
Fics. 1, la. Stylangia panamensis, new species. 
Nee Coralkurnmeamatumals ste ete csi eae step isteye'| oo) 5 sists sare s a [ateraiarar state 410 
iN aheee COSTES NCA ROMP ieee a eee aie cha eee aU Na aac cyac ares accye talaua nV ¢. 410 
2, 3, 4, 5. Orbicella imperatoris, new species. 
PRROANCes OL a CObY POW NOs sacks ees secem ei ae selec isle cteicts se mice niles eters 378 
Sie Calicestora second cotype xX Se. o5 see 5 he oe dee eee een sacs 378 
4, Longitudinal section of the corallites of a cotype, natural size... -. 378 
5. Calices of a specimen from Ciénaga, Cuba, X34.-......-.......-..-. 378 
6, 6a. Septastrea matsoni, new species. 
6. Corallum, natural size_....-22- 225. = Gey RH eed ONO eee 411 
GOBER ORICES CA eRe swarm Ae cients seo Wit else ii Slama eeu 411 
PLATE 87. 


Orbicella cavernosa (Linnaeus). 


Four views of the same specimen. 
Fics. 1. Calices of one end, natural size. Corallites protuberant; costae low, 
Unicktequal/or subequal esas styek tl ele Cee ae cael 381 
la. Calices of the other end, natural size. Corallites low; last cycle of 
costae very small or obsolete, costae of lower cycles talland thin. 382 
1b; Longitudinalysectionsoficorallite,; <2: 223.4: saeey. ee 381 
Netm@lxotmecal celles Coe iii Maura ie © Yi Si Aurea cane yea Spt 381 


Priate 88. 


Orbicella cavernosa (Linnaeus). 


Fig. 1. Marginal calices, natural size, of a specimen from 9 miles northwest of 
Keevaw iesty Mlorida woos sc ceck aaa t eminem ccciee ai ot wok ata wieis 6 380 
2. Calices natural size of a specimen from Tortugas, Florida. ......-..... 380 
3, 3a, 3b. Three views of the specimen labeled Orbicella compacta Rathbun, 
- from Brazil (lat. 12° 48’ S.; long. 38° W.). This is probably a 
valid variety of O. cavernosa. 
ow ppersuriace o1-corallunt naturalisizer(cc2 2 Ps soe ee ee ees 384 
SE AWOTOUP ORCA CES! O20 waa aay a canes pe ae BRS ne ee oe 384 
3b. Longitudinal section of corallites, X2...... Fe Tern ae ar 384 
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PLATE 89. 


Fias. 1, la. Orbicella cavernosa var. endothecata (Duncan); two views of one of 
Duncan’s original specimens. Page. 
1. Outer surface; la, longitudinal section of corallites,each natural size, 384 

2. Orbicella cavernosa var. cylindrica (Duncan); calices, natural size, of one 


of, Duncan 6 oneinaly specimiensi so te ceo ie ers) aes are Gee 385 
3. Orbicella aperta (Verrill). Calices natural size ................- SBA) Gtol0 
PiatE 90. 


Orbicella bainbridgensis, new species. 


Four views of the type. 


Fics. 1. Upper surface of the corallum, natural size.....................---- 386 

Va. Calices C4 a Se Ns Sk ern gana Rape 0 a Se pte ered 386 

1: ‘Longitudinal section of a'corallite, <4. 073205.) . epee eee 386 

Hes Hxothecas C452: 2 Ue a a RS Sh A a cy SR Oe 386 
PuaTE 91. 


Fras. 1, la. Orbicella costata (Duncan). Cross-section of corallites of one of 
Duncan’s original specimen. Figure 1, natural size; figure la, 


PRD ia Sieletescistc lee e/eicsje ote teie aces ouch Siete te a oe ug a 388 
2. Orbicella costata (Duncan). View natural size of a specimen from 
ADEM AL OS SUES ous PO OE A COON ESN Sc Re eer eet eS OS 
3, 3a. Orbicella costata (Duncan). Two views, each natural size of another 
specimen dromeAmtiouar s. 2 753) le eee sects sie ee ee 388 
4. Goniastrea canalis, new species. Calices of the type, X34 -.......-.. 416 
PLATE 92. 


Orbicella costata (Duncan). 


Fic. 1. Specimen from 4 miles west of Lares, Porto Rico, natural size........ 388 
2. Specimen from Culebra formation, Las Cascadas, Canal Zone; calices, 
De aE ERE ea ae Nery Ne UR UU NUR PMU MEER Mines Ae 3 3 388 
3: specimen from Anguilla, naturalisizes.. 5.20) (05s eas ara eee 388 
PLATE 93. 


Orbicella costata (Duncan). 


Two views of the same specimen from Anguilla. 


BGs} PS CWali Cesare Hees WY See 1 eee aia Sse yo) AUS SAIN NE ee 388 
le sCorallum; natural size 220: Og) eee Oe ok een ake ee 388 


PuatE 94. 
Orbicella canalis, new species. 


Fies. 1, la. Two views of the type. 


i: Corallumyinaturaksize cc's: < cre cleared ia cyan Poe) ee eee 389 

HampCalicess Apes eos ere cn at cis Sistas ale eee sR 389 
2, 2a. Two views of a paratype from the Canal Zone. 

2. Corallumesnatural stZ6 ooo esc ee ois kee ven naa a 389 

Ze NOAICOR Ane SSL ok MS yc sea ae REE ae eas 389 
3, 3a. Two views of a varietal form from Anguilla. 

3. Corallum;matural size lcigesc 052020 SS oe eee See hana eara 389 


Sa. Calices <4 ose css ose wee ete ce oad ade Ke Ona amnan Be rape 389 
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PLATE 95. 
Orbicella tampdensis, new species. 
Page. 
BicwleCorallum, naturalisize vottheitypes.+ 2 ose. oc. see ok tec e cle ac 390 
2, 2a. Two views of the same paratype. : 
Pea Corallanmonatiral sive. 54a ic ete eee hve ese mda oree ack Kenda arataibvees ave 390 
Da Cali ceskamadecOs tees Qi 52 pet METRE EIEN R AP ope) oy etary Aenea aier Ss 6 390 
3, 3a. Two views of another paratype, Wagner Free Institute of Science. 
SeCorallumenaturalistze we s4.065 Sosa so Oe eS. ae hk sie 390 
Sam Oalicesrand Costes ye aee eee cela sine laa AI eels cise wie operons Weiss oealsie 390 
PuaTE 96. 


Orbicella tampéensis var. silecensis, new variety. 
General view of the type, natural size, Wagner Free Institute of Science. 390 


PLATE 97. 
Fic. 1. Orbicella brevis (Duncan). View, natural size, of the type, Geological 
SOGLetys OlalsOIMG OM LAM et see cara pes eye pe f MAME ae eye sleet esis 391 
2. Orbicella intermedia (Duncan). View, natural size, of the type, Geo- 
locicalsSociety of london 28 Sele Canny s tem eels lcci Mee Spee 393 


3, 3a. Orbicella irradians (Milne Edwards and Haime). Two views of the 
same specimen. A 


SeaCoralluamm ama tumalsizerswe sa eka ce ke eo eee kee cece iocaays 395 
SAMOA cesiand: COSTA OMA, Saini sey Meee lee a Maes ame saya lets) sialaieiaiaratece 395 
4, 4a. Orbicella canalis, new species. Two views of the same specimen. 
AMMO ANCOLATICKCOStACN SCA Nan Ee SNe e Lay eemic alae a cpa walters att at areca meaiete ales 389 
Ana Coratluimynaturalcsize) ccm eee cle ce ce aiciae oS Ne ei oi a Siar 389 
PLaTE 98. 


Figs. 1, 2, 2a. Orbicella insignis (Duncan). 
1. Cross-section of corallites of one of Duncan’s original specimen, 2, 
Geological’ Society,ot Wondone 222 U5. es) ee ei eee ae 393 
2. Cross-section of corallites; 2a, longitudinal section, showing endo- 
theca and exotheca of a specimen from Serro Colorado, Arube. 
BOG OTITES CZ etka WEE GEIR GNG! 2 Lia Le oie yonareterereej nel noe cea eberr ice 393 
3, 38a. Antiguastrea cellulosa (Duncan). 
3. Corallum, natural size; 3a, calices, 2, of a typical specimen, from 
ING HET EA Nee US UE a OS RES Pe I A Re Se pO I 403 
4, 4a. Antiguastrea cellulosa var. curvata (Duncan). 
4. Corallum, natural size; 4a, calices, X2, of the same specimen from 
JENS TY SATE eds a AN ee 8 cnr ec CaS A mn Ga pace tam 408 


PLatE 99. 
Antiguastrea cellulosa (Duncan). 
Fics. 1, la. Two views of a specimen with protuberant, separate corallite limbs, 
from Willoughby Bay, Antigua. 
1. Corallum, natural size ......... pa RNG EE ES eels et a Cea 403 
MGA @aliCesy <A BN wis eg yee NB sree yen stats siec acs',4 ia ae c8 carci 403 
2, 2a. Two views of a specimen from Cathedral, St. John, Antigua. Cal- 
ices on one end excavated; on the other end shallow, tumid 
around the margins. 
Pee Coraillumematurali size) ove see enero eee aa eee as ca ey 404 
POLO MACE Y CONN WLU Tei URI eas a ew tee hate ero iaor 404 
3, 3a. Two views of a second specimen from Cathedral, St. John, Antigua. 
Calices shallow, distant, tumid around the margins. 
Sey Coralumesma tural size la ee i vie averse cates 405 
Say Oalices\ C6 nn. aes eeu ae i A NE SS SUN Psi 405 
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Puats 100. 


Antiguastrea cellulosa (Duncan). 


Fic. 1. Photograph of thin cross-section of corallites, 6; shows the large, 
lamellar columella. Specimen from Cathedral, St. John, Antigua... 
2. Photograph of thin cross-section of corallites, X6; columella not so wide 
asin figure 1. Specimen from Cathedral, St. John, Antigua.......... 

3, 3a. Two views of a specimen from station 6856, Friar’s Hill, Antigua. 
3., Corallum, matural- sizes. 2.53.02 8S oe BR See. ee pe ee 
3a, Calicesy: KGie ski Voge ee eS ks aia eagle, Bley be nese ge ae 
4, 4a. Two views of a specimen of the kind designated Jsasirxa turbinata 

by Duncan. 

4. Corallum, tnaturalsize ies sos 2k © CPaaaak BN T e naieere 
4a. Calices, x4 ..... oh 6 op See cus bere se sod suo bene dee speacacocone = 


PLATE LOL. 


Fias. 1, la. Antiquastrea cellulosa var. silecensis, new variety. Two views of 
the type, from Flint River near Bainbridge, Georgia. 
i: Upper suriace of the’corallum, naturalisize; 3. 2) ee eee 
Lay Calices,s KO 82 PFS eRe se Be Rel NCO ele Sas hy Se ote Oe 
2, 2a. Antiguasirea cellulosa (Duncan). Two views of the same speshien, 
from the Byram calcareous marl, Vicksburg, Miss. 
2. Part of upper surface of the sonal thee, mabural (Siz eh. ree eee 
ZG @ BI COS XA ee Gece Sa PAG aac cea nate dee ei nee ee ee 


PLATE 102. 


Fias. 1, la. Antiguastrea elegans (Reuss) Vaughan. Two views of a specimen 
from Fontana della Bova di San Lorenzo, Italy, out of beds of 
Rupelian (middle Oligocene) age. 
i: Upperisuriacexamatunalesizet } ip wee. wes esp ees eo oes Bye eet ge 
ha ;Calices, X64 580s Sha oc IO Ta Pte res aie Se ee 
2. Favia macdonaldi, new species. Corallum, upper surface, natural 
size. Enlarged view of cross-section of corallites shown on plate 
NOS #figi seizes wader essa day lelsehss eT eS. Roe SSRN Ae eee 


PLate 103. 


Fia. 1. Favia macdonaldi, new species. Cross-section of corallites, X2. Gen- 
eral vaewiol corallum) plate 102, fig. 20 2) 2 ee eee 

2, 2a. Favites mexicana, new species. Two views of the same specimen. 
2. sCorallum, natural sizes. jc te aye ete 
QO eO alr Ces CAs se cic Sree en eel on AU Sas Ua 

3. 4, 4a. Maeandra antiguensis, new species. 

3/aU pperisuriace.of acotype; nabural) size «ac Js5se28 6 eee eee a eee 
4. Upper surface of the second cotype, natural size; 4a, part of surface 
Of theisames3X 4. os keke soos ne Soca 3 SR Ga 


Piate 104. 


Fics. 1, la. Maeandra dumblei, new species. Two views of the type. 
LUppersuriaces naturalsizes: /a50.42 50 eben ie ee ee 
VO RE ALtPOMSUTTACS. PCA» APS SOMES SA ae Sk ORR EA IRA clea A 
2, 2a. Manicina willoughbiensis, new species. 
2. Lower surface, natural size, of the type. Upper surface, illustrated 
bystplateml0O sere cca seca sees cas carrie ere cele ee rec el acierer 
2a: Partof lower suriace of a:paraty pe; <2) S225 o55.5 2-2 oe one eer 
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PiLate 105. 


Manicina willoughbiensis, new species. Upper surface, natural size. Lower 
Burnacealustrated-by plated04s houre!2e oie Sane 2 eo) LORY On) 


PrLate 106. 


Fies. 1, la, 1b. Syzygophyllia hayest, new species. Three views of the type. 


He Calvcularvsuriace,mmaturalsizesceins.ss neck. venules cies. cee 
la. Side view, natural size...... zetia Lea RAN: | ale A) 
1b. Epitheca, <5. Specimen photographed in horizontal position; the 

LOMRLOWAT GC tMewricint ware eras sie Uk Seer irate ahaa Neva costs) 


2, 2a, 2b. Trochoseris meinzeri, new species. Three views of the type. 


Cee oraliimme sidenvale we Naturalist ze messes a) cin aun an aaa at 
OOM Ce Mat UTAlsIZ eye eee ere erie sss Bae A Sree ca Mel 
ZB) SKS YONG SCs Si et i ea DA NL EN RO ro 


Prate 107. 


Fies. 1, la. Maeandra portoricensis, new species. Two views of the type. 


lmWippensuriace -mabural si7e yt teste occ lye seas cperten seatn ea ee 
HaspeaTni Oru ppersUuriace, <2, cena Went e coer el tiene outa aael ae 


2, 2a, 2b. Leptoseris portoricensis, new species. Three views of the type. 


PaCalietlancsuniace smMaturalesine sevens e tees ele ee ae eee 
ZOmOMCCHSUTACe Ma LUTAlGsIZe oe sete ne ener ne oeectibe a a eyes 
Oe OSLAe Ol OULET SUTIAC ECE anc, Se ees clue a ate epee Cael 


Pirate 108. 


Fies. 1, la, 1b. Orbicella gabbi, new species. Three views of the holotype, 


Philadelphia Academy of Natural Sciences. 
lm Crossisection, or corallitessnaturalesizem s.4sse5- 2 = occes Nee ecee ee 
lg .Crossiseetionjofaxeorallite,<2i3 eaeitcette y%(s otc ayo a Ps see 2 
los Endotheca andvexotheca: 4 tage se ee ease teerst oes been hie 


2,3, 4. Agaricia anguillensis, new species. A view, natural size, of each 


Olathreecoty pes; Universityot Wpsalas..:. 25. 2222s. ee eet eee ne 


Pirate 109. 


Fies. 1, la. Agaricia dominicensis, new species. Two views of the type. 


Pa@alieulamsuriace, <2) veep ate a oh ars Speen car tenia ge ae 
Va HAL OWeTSUTTACE AKO) fs eek Oe Srefaets raape tree os Ge oes em GES cece 


2, 2a, 3. Leptoria spenceri, new species. 


2, 2a. Two views of the upper surface of the holotype; figure 2, natural 
SIZE 2 OUT A Og Keo hag pect a ne os rea pera eat ay Nea TE UL 


Puate 110. 


Pavona panamensis, new species. 


Figs. 1, la, 1b. Three views of a cotype in which the septa strongly alternate 


in prominence around the calices, but the septo-costae in places are 
subequal. 
LCalicularisuriace, natural size; eke sass Wie Nasicinesieee «ake ole e 
ee Cali Cege SCA ere Nye os Sees Rael ay Ret es Dag upners. cries Ey Wiad oes okt 
be Callawes CA es RC ras pags eae BPE ira se yh ys Sasa Gath S 
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Page. 
Fias. 2, 2a. Two views of a cotype in which the septa are subequal in promi- 
nence around the calices. 
2. General view of the corallum, natural size......-.....-..--.-06.- 430 
2a. Calices:and septocostaes <4 oi.) bese csi cin oe cassia ysis os teyela reeves 430 
3, 3a. Two views of a specimen intermediate in its septal and septo-costal 
characters between the preceding specimens. 
Si Views naturalsiZeose oo casos oevecls cleyeicis elaine epaelyae eiesioere 431 
3a. Calices andisepto-costae, 4.505. 22.00. 5 ace ccs cece setae erate 431 
PuatTe 111. 
Pironastraea anguillensis, new species. 
Fias. 1, la, 16. Three views of the holotype. 
1. Part of upper surface, natural size...........2...-5-2-...-2-cce- 433 
la. Part of lower surface, natural size............-.-...-e eee eee ee 433 
1b. Valleys and collines, X5..-.--..--.-------------2---+-e-0- 5-202 433 
Puate 112. 
Figs. 1, la. Pironastraea anguillensis, new species. Two views of paratype. 
1). Part of upper surface, natural size@)2\.2/2 <3 accion as os eee eiicieee 433 
Ja. Valleysiand: collines) 65) 22 seis seis arene: cielo iret 433 
2, 2a. Pironastraea antiguensis, new species. Two views of the holotype, 
from Antigua. 
2. Upper suriace, natural size... <0. cc scicccc een eee re seer 434 
2a, Part of: upper suriace; Oi encase sl oces see neers 434 
Pate 113. 
Pironastraea antiguensis, new species. 
Fias. 1, la. Two views of a specimen from near Guantanamo, Cuba. 
1; -Part-of upper surface, natural size...2/222 (29.00. 223022. ee 434 
la: *Part of upper surface, KOs sas o0 0s eR Poe. cee 434 
Puate 114. 
Fras. 1. Siderastrea radians (Pallas). Calices, <6, of a specimen from off Cocoa- 
nut Point; Andros Island, Bahamas. 2)... 2220020222025 2 522s 439 
2, 3. Siderastrea siderea (Ellis and Solander). 
2. Calices, <6, of a specimen from Guanica Centrale, Porto Rico. .... 444 
3. Calices, <6, of another specimen, the usual form of the species, also 
from Guanica. Centrale, ‘Porto Rico. o.2100. 2s Ce ee 444 
4, 4a. Siderastrea siderea var. dominicensis, new variety. aro views of 
the type. 
4 Corallum,s natural size i oN eee eka ae ARON) ai ae eR 447 
Aa Calie ete Gi ee Nas! Ea Peete Na aU NNRUDD RPS ANN CL. a a 447 
Pate 15: 
Fras. 1, la. Siderastrea pourtalesi, new species. Two views of the type. 
Sy Corallamsmaturalee zee 03.88 VSS SE OU Ey Gio ke pe ea li 440 
Das @alicese eG eee 2 ak ON NO) SI 440 
2, 2a, 2b. Siderasirea stellata Verrill. Three views of the same specimen. 
2s Corallum: one-half. naturalsize: 3:50 9s 422 5b 2 Se a ae 440 
2a. Part of surface above the lower edge, X 2...................--- 440 


QoS uma ty Cal CES GUC Gage tse oa yas yaa atu clas a a le 440 
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PLATE 116. 


Siderastrea silecensis, new species. 


Fies. 1, la. Two views of the type. 


Figs. 


Fics. 


Fia. 


Fies. 


1, 


1, 


aS) 


ie Corallum;/one-halfonatural : sizecv ie eee Pe i oN Re 
CAI CES CIG is ease alee tetere 2 MIRE RIN AES SPN ID a Ne CUA MORRO ZelUI 


. Photograph of thin section of corallites of specimen from the same 


localitysasithe: type. < Oer eNotes een tl EE De ea 5 le 


. Calices, X 6, of a specimen supposed to come from the “‘silex’’ bed at 


Mariana te Lori aes se ct saa nya eC SNE PEI SI SIN SOM Les tot a 


PLATE 117. 


la, 1b. Siderastrea silecensis, new species. Three views of a specimen 
from Coronet Phosphate Mine, Florida. 

1. Weathered cross section of corallites, x 6..................-..0-- 

la. Longitudinal section of.a corallite, X 6.......................-- 

Nosebhinksection: of corallates), /6is..c oo au. sce Secs see ele 


. Siderastrea hillsboroensis, new species. Weathered cross section of 


corallites of holotype, 6.022.502) ce gait Sekhsaria 


. Siderastrea conferta (Duncan). Calices, X 6, of a specimen from sta- 


tion 6893, the middle or the upper horizon at Crocus Bay, Anguilla. . 


PuatTe 118. 


la. Siderastrea silecensis, new species. Two views, each X 6, of the 

calices of a specimen from near Bainbridge, Georgia...............- 
2a, 2b, 3. Siderastrea pliocenica, new species. 

2, 2a, 2b. Three views of the type. 2, corallum, natural size; 2a, cali- 

Ces ciae 2b Calica Ker G ea eres IN NIN aera ao oo ae, 

3. Worn’ calices of another specimen, 6.22: .....02020. 000000 L258 F 


Puate 119. 
Siderastrea dalli, new species. 


la. Two views of the type. 
dee Corallums, ‘natural siZes 522 cits, DENS SRS _ OE UTS FM  s 
la spAGeroupyorcalices axa eee Ls enti Mie vehi aio 0 ei al 


walices.ofanother-specimen,, X Gis.se'. odo ccoe ls calle Se meees bee 


PLATE 120. 
Siderastrea conferta (Duncan). 


. Cross section, X 3, of corallites of Duncan’s type, Geological Society 


COLE TE LGHOXG bo cae See US PFS en a aa ea Yl i RA 

2a. Two views of a specimen from the Pepino formation, 4 miles west 
of Lares, Porto Rico. 

Zee yCorallumamaturalisiZe ©. ()7yo ei cee len Moped Sy A ten oss 
ZOO ANCOS a GME ee hia cade s cy CUE eo. inrere, caroety Mee en avele ote Citak, 
4. Specimens from Anguilla. 
But ORES CCE et SUS 2 aS SE Ae EU ce ON i SIS GANS il aE 
A Catices of another-specimen, OC Gets 2A ieee oo ge ea ae 


Puate 121. 
Siderastrea conferta (Duncan). 


la. Two views of a specimen from the Culebra formation, Canal Zone. 
ee Uippersuriace: natural sizer “cher cr sam es we 
Warp @aln Osun xG Gece ise ee et me eee era ace Nan BOZO SO ye oe 
2a. Two views of a specimen from Anguilla. 

Ze Upper sunace, Matural Sizer - sce ce eet yume ht Mh Ea Cie 
PARA OP a CSNY (6) SAL SAO aN, UA A Rc GA AEA ee A 
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i PLATE 122. 


Siderastrea siderea (Ellis Solander). 


Fic. 1. Calices, X 6, of a specimen from Tortugas, Florida, water 8 to 9 
Sathomsdeep: ie estou ely henna wena n an Sy hayois, SPS lal ge 
2, 2a, 2b. Three views of a specimen, apparently referable to this species 
from zone H, Rio Gurabo, Santo Domingo. 

2s. @orall unas matumal size) 2 en eee secs sien sp cite uel So ole ge pea 
Da? QO Cala cest 5 Ge See We CS cic ras fe a a 

3, 3a. Two views of a specimen from the Bowden marl, Jamaica. 
3.) Corallum, naturalisizesv essere he Qo sh Se uae Slee eye aa 
Sa Callices, HC ON BE hes IIS. AE SESE ASSN OES EMO ENA ge -2te | 


PLATE 123. 


Cyathomor pha rochettina (Michelin) Reis. 
Six views of the same specimen, from Crosara, Italy. 


Fie. 1. Side view, natural size ..-nee..<eoe a. ORE PSOE EIIOD as 
la Calicularview: natural sizeooise.. :eSSUaes 2 ea ios See 

Los Basal/view: tiatital size ss0 es ia AO St Gale eats Ne errs 

Le: | Woarse) Costaes de 2h ki so Se gate Re yan nae ne a re ede 

1d. Costae at calicular edge, X 4. Shows perforations near the calicular 

TAT OTA bese Sees i ig eA aye ae eas Sia eee pare Laie Se ce I Se a 

le. Calice, X 4. Shows some synapticulae and that the higher cycles of 
septasaresperiorates es yee cas Cue on ines. serrate eye nh en eateete 


PuaTE 124. 
Cyathomor pha hilli, new species. 
Two views of the type. 


Fie... Upperisurface;:natural sizes 45. 0.45-h2is eq -eet ose eee eee 
la. Lowernjsuriace-natural:size 2s ee.) ao32.. .jote decte ee. see 


PLate 125, 
Cyathomorpha hilli, new species. 


Fias. 1, la, 1b, 1c, 1d. Five views of a paratype. 
Ie Upperisuriacexnatural/sizepcor eu. ie tee 
la. Sidervaews natural sizes ne. Sosa ys co ee 
Lbs Costaes 022. 58 ae Bae eS NS Se 8 Weare ve 
Ne, CANO XG ois fa. ee her tore asses siesta 2 elapse eee eee eee 


2, 2a. Two views of a second paratype 
QEMOICERVACW. MATUTAL SIZE LL sacieais Sar Sys ete ste oy eee ne ee 
2a) Uppersuriace; maturalsize. joo. ooo ee ree 


PuaTEe 126. 
Cyathomorpha browni, new species. 
Three views of the type. 


Fie. d Uppenisuriace: natwralisize t55.2)2 Sa ee eee 
la -abowensuriace: naturalt size ys cs 4 cS es oe eee ak ey ene ree 
lbs Calicesiandécostae aoe eecsiae see eee Soe eee eee eee 
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Prats 127. 
Cyathomorpha anguillensis, new species. All figures natural size. o 
age 
EG Aplem Upper SUMACCONty Dereon coi csitss ace oe anes ee wcll cies os 461 
2. Upper surface of a paratype with corallites somewhat smaller than 
{ELOCOVSFEY HE TH OWS) UTR OV Eh ES PY A a a ep GE a ol ae 461 
3._A specimen with very prominent corallites.................-......2- 461 
4,5. Specimens with small corallites. The specimen represented by 
figure 4 suggests intergradation with Cyathomorpha roxboroughi, 
MIO WESDCCLOSM: cpan ania eRe yi 8 Seo eaa ce 461 
(All of these specimens are in the collection of the University of Upsala, 
Sweden.) 
Puate 128. 
Fies. 1, la, 16. Cyathomorpha belli, new species. Three views of the type. 
IpMUippersurniace,;matural size, 27. pcm eh cele ais ciebin cit ceteris 459 
HGRA COStACUE G4 eee a a eee ese oo Via ene eure aie es oie 459 
Tis: ORME ES io eg gE IE gene PORE Oc a a ge 459 
2, 2a, 2b. Cyathomorpha splendens, new species. Three views of the type. 
ZeWipper suLiace; NaturalsIZzen. +o sels ee te Lk Ok een aa se 460 
. 2a. Lower surface, natural size: +2222. ..- 22222222. 22-2222 eee 460 
ZOWRCOSTAR HOG Des eee tee Aes pe ai 460 
PLATE 129. 
Fies. 1, la, 1b. Cyathomorpha roxboroughi, new species. Three views of the 
type. 
ler @oraklam sid 6, va GW, MAGUITAL SIZO. oe paie on Be ee te eee ore apis 461 
la wlio aGroups 01, calices; cach DG tise... fob hi eee eee ree 461 
2. Cyathomorpha antiguensis (Duncan) Vaughan. Part of the upper sur- 
face of a specimen, natural size. Two other views of this specimen 
Oniplatenlis0 noureslawlOAe Ee Soe 288 coe Ae ere oN eo ge 465 


PLATE 130. 
Cyathomorpha antiguensis (Duncan) Vaughan. 
Fics. 1, la. Two views of the same specimen. Upper surface illustrated by 
plate 129, figure 2. 
1. View of outer surface of corallum to show synapticulae between 
the\costal ends of the septa, X.4. 0 200 ence eee 464 
la. View of wall as seen looking across a corallite, one side of which 
is broken away, to show synapticulae between the peripheral 
Ends OimtWe, Sep las xo eos cnt ces re io ear epee a cae aA OB 464 
2, 2a. Two views of Duncan’s type of Astraea antiguensis, Geological 
Society of London. 


2s Uppersunace.wmatunal sizer 241) ase sey ees were Se ty ess ayuvel je 2 464 
ZOO BU COS C2 MOREE AEN eet nye Nn en a Monee Shenae: IaH’ 2 464 
3. View, natural size, of a specimen with large, distant, subcircular 
(INC es Bey Sere mes es ee NAN RPT ars ee a cea 8 Fir ats ee 465 
Puate 131. 


Cyathomorpha antiguensis (Duncan) Vaughan. 


_ Fics. 1, 1a, 1b. Three views of the same specimen. 
1. Upper surface, natural size. Calices more crowded than on plate 


PS OMe UREN S i 86 ele cn cae aa aM epee le willis espe RtG Ms nage), 465 
Va; Costae ol.outer Surace , G2 ee) ee REIS eats ee ei ee 465 
1b.. A. calice, < 4,.to show the prominent, pali.....¢....2c.i22 A. 242. 465 


37149—19—Bull. 10322 
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Figs. 2. A specimen, natural size, with both crowded and rather remote calices, 
on the same corallum........... EL USE SHES ERR YE 8 
3. A specimen, natural size, most of the calices crowded, intercorallite 


Page. 


465 


areas very narrow, except at lower left-hand corner, where there is — 


a distant circular calacen tee se eis) cyano ees es eee eer p nes % 

4. Duncan type of Astroria antiguensis, natural size, Geological Society 

of London. Compare with figure 2 of this plate.................- 

PuatTe 132. 

Fies. 1, 2, 2a, 2b. Cyathomorpha antiguensis (Duncan) Vaughan, from Porto 
Rico. 

1. Calices,; natural sizes (0 sec Sos Calis Se ae ae ease ee eae 

2, 2a, 2b. Three views of the same specimen. 2, corallum, natural size 

20,320, ‘Calices, SC 74 SOIR a. SE OSL IGS OL cS Re DE aT Ne Ae ee 


3, 3a. Cyathomorpha tenuis (Duncan) Vaughan. Two views of aspecimen 
from Porto Rico. 
3. Corallum: -naturaleize.-. 25255555 a2sc62234as seco os hese: eee 


3a! ‘Calices, (42 0820 0 WRASSE SPECS Se I NOT Nat cote. eee 


PLATE 133. 


Fig. 1. Duncan’s type of Astroria afinis, natural size, Geological Society of 
London. Probably a synonym of Cyathomorpha antiguensis (Dun- 


Cyathomorpha tenuis (Duncan) Vaughan. 
2. Calices, X 2, of a specimen, with crowded calices, from Porto Rico... 
3, 3a, 3b. Three views of a specimen from Willoughby Bay, Antigua. 
3. Upper suriace*of corallum, natural size? <2 2012.75. So. eee eee 
3a. Part of upper surface, X 4, to show synapticulae between the costae 
3b. Costae with intervening synapticulae on lower surface, X 4........ 


PLATE 134. 


Diploasirea heliopora (Lamarck) Matthai. 
Four views of the same specimen. 
Fic! dU ppersuriaceymaturallisize aac eee ee aa ee een ae By vee s 
la. Costae and intervening synapticulae of lower surface, X 4......--.--- 
1b. Calices, & 4, to show synapticulae between the distal ends of the 


Se OE nine en eM MNS aT MN A Aca ac Ghia ooOGS 
le. Longitudinal section of a corallite, X 4, to show septal perforations, 
synapticulae sandidisseprmentssos cece. saoccioee see eee eee eee 


PLATE 185. 


Diploastrea crassolamellata (Duncan) Vaughan. 


Fria. 1. Cross-section of the corallites of a typical specimen, natural size. Most 
of the septal lamellae appear dark in the figure. .........--..------ 
2. Cross section of the corallites of a specimen representing Duncan’s 
VAELCLYR MODUS oe Se PE Se ayes Sie yO ern A IS OA Se 
3. A young, simple corallite, side view, natural size................-.-- 
4, 4a. Two views of the same specimen. 

4. Side view, NacuralssiZze': 8 SUP eee AY UREN NO Cee eee 
4a. Calicular view, natural size..... User IVAN SNS yae eel aya. ene bce ciiues 1 

5, 5a, 5b. Three views of the same specimen. 
5: Caliculan view, Matburall g1Z@sc.06 occ cicins secre cate Sele Pn roe 
5a. Side view, natural size...... eno SESE saline tre peg ers Sie Ble eat aaa 
5D. As CalaCese XS 2a ORR ANA CLC ROPE AS atl Spa otra ee ey TS 
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Puate 136. 
Diploastrea crassolamellata (Duncan) Vaughan. 


Three views of the same specimen. 


Fie. 1. Side view of corallum, natural size...../.....------ 2-2 - ee ee cette eres 
la. Costae of side, X 2.......--.2-------+-+-++-- Srey A ls BV 6, erties of atate «2h 
ibe Walices® natural! sizes. 2.02 M4452 282 SoS SS Lis «ioe ew wie oe -ieieinine - > ° = 

PLate 137. 


Diploastrea crassolamellata (Duncan) Vaughan. 


Fic. 1. Specimen with excavated calices, natural size............-...-.-.--- 
2. Specimen with protuberant divergent corallites, natural size........... 
3. Specimen with low corallites, X 2. Note the reticulate intercorallite 


4, 4a. Calices of the same specimen, X 2. 
4. With some intercorallite reticulation. ..........-.. He pee et ie 
4a. Mostly without any intercorallite reticulation...................--- 
5. Calices, natural size, of a specimen from the base of the Chattahoochee 
formation near Bainbridge, Georgia. All other specimens illus- 
trated on this plate are trom Amtigua-: 2220. .5 2. ose et ee oes ce 


PLATE 138. 


Fics. 1, 2, 2a. Diploastrea crassolamellata var. magnifica (Duncan) Vaughan. 

1. Corallites, natural size, of a specimen from Antigua.........-.----- 

2. Corallites, natural size; 2a, a smaller area, X 2, of a specimen from 

the base of the Chattahoochee formation near Bainbridge, Georgia. 

3, 3a. Diploastrea crassolamellata var. nugenti (Duncan) Vaughan. Two 

views of the same specimen. 
$2 Coealilhriing smenhviey UAE AN Mee UM AG) na a aS Soe esa 
SHCA COS Opa ERR pete ier 1S Syn a a MAM uals) ee 7 GRU oa ieee ea 


Puate 139. 


Fies. 1, la, 1b, 2, 2a. Balanophyllia pittierit, new species. 
1. Corallum, natural size; 1a, costae, X 4:15, calice, < 3, of the holotype. 
2. Corallum, natural size; 2a, calice, X 8, of a paratype. .... ee ea 
3, 3a. Astreopora antiguensis, new species. wo views of the type. 
Enlarged calices of paratype on plate 140, figure 1. 
3. Corallum, one-half natural size......-. ZUR ENE ALA ec ar iea hg Se 
Sasebartoteross:sectiom oflower ends Sune ae seis sels aiciasisve > 


Puare 140. 


Fig. 1. Astreopora antiguensis, new species. Calices of paratype, X 6. For 
other views see plate 139, figures 3, 3a..............-.-- MEO Mie 

2, 2a. Astreopora portoricensis, new species. Two views of the type. 
Pe Coral ummm atures S17 Co see a Ae SPANOS cas etat va 
Ay eiliK OP NBVOLSI DCO Bae eS UI UA AE ULE ila Meee IS LU cal tl toa ie oe mg a 

3, 4, 4a. Astreopora goethalst, new species. 

3. Corallum of a cotype, one-half natural size...........-...-2-.-2-.--- 
4. Corallum, one-half natural size; 4a, calices, X 6, of the second cotype. 
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Puate 141. 
Frias. 1, la, 1b, 2. Acropora panamensis, new species. Pago. 
1, la, 1b. Three views of the type. 1, branch, natural size; la, part 
ob branch, Ss lb. calc es x (Sessa. se tase ter ctsttere nite rere 480 
2).: Naew: of a: paratype, natural sizes-2 (j= eis seis = ier ee ee 480 


3, 3a, 4, 4a. Acropora saludensis, new species. 
3. Branch, cotype, natural size; 3a, part of the same branch, X 3..... 481 


4. Branch, cotype, natural size; 4a, part of the same branch, X 3..... 481 
Pirate 142. 
Fics. 1, la. Goniopora hilli, new species. Two views of the type. 
1. Surface of corallum, natural size.......-.....---2-2e22- see ec eee ee 489 
la. .Calices: Ki6ies.ssiilioses tras teseed tase eae -peatseee se 489 
2, 2a, 2b. Goniopora panamensis, new species. Three views of the type. 
2:1 One suriace. natural size-aascecee eo eer a) e eee eee eee 489 
2a. The other surface, natural ‘size. 2: peste eee 8 tee eee 489 
2b. A part of the surface represented by figure 2a, X 3....-.-.....-.- 489 
3, 3a. Goniopora imperatoris, new species. Two views of the type. 
3 sCorallum,cnaturall sizeds 22552 Heese ose Bea seen sooeee nee 493 
3a. Calicessmx Gaile fc euyastre |. serie CEE es ona co oes 493 
Puate 143. 
Fies. 1, la. Goniopora decaturensis, new species. Two views of the type. 
1 Uppersuriace, macuralisize: ene sae eae cee ee al sia a ae a 490 
Way Callcese OG oeceee seine applies eun ts SMa NAS OS oc 490 
2, 2a. Goniopora decaturensis var. silecensis, new variety. Two views of 
the type. 
2. Corallum «natural sizesnss-csoe se che cece ROSE te MA era ee 491 
DOs ORACES KS a sae ees Saale eo cere erat tere heres ee 491 


3, 3a. Goniopora decaturensis var. bainbridgensis, new variety. ‘Two 
views of the type. 
3) Corallamscmatunall sizes nas eon ae ei tae ee OR MENT LSE Se 491 
Sat Calieesiox (Se voce cess eens POU OE Sry een nic sors end oo ae * 491 
PuatTe 144, = 
Goniopora jacobiana, new species. 
Fie. 1, la. Two views of type. 
i Corallum-sione-half maturalistze i | ees se eta eee 492 
la. Calices, X 6. The thick, white radii represent intérseptal filling; 
the septa have been dissolved and are represented by the black spaces 492 
2, 2a, 3, 3a. Four views of two fragments of the same specimen from White 
Springs, Florida. 
2. Upper surface, natural size; 2a, calices, x 6, of the same fragment.. 493 
3. Upper surface, natural size; 3a, calices, X 4, of the same fragment... 493 


PratEe 145. 


Goniopora clevei, new species. 


Fie. 1. Paratype, natural size, University of Upsala... ...2...o42.5-4.6- 496 
2, 2a. Two views the type, also University of Upsala. 

2: Branch.) MatUral sizes ss 72, oy kali UN) til Niel ream saes 2c a nc ae 496 

ae OPN ard ee Ce ee OM MME aan ay ai u a Me 496 

3. Paratype, natural size. An elongate branch, tip rounded...........- 497 


4, Paratype, natural size. A thicker branch; tips of branchlets obtusely 
FOU Od se Se ie hs OS AN IS I As ea 497 
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Frias. 5, 5a. Two views of a specimen somewhat flattened by pressure. Page. 
HaeNatunalusizenvueecies asics cece saceee Gite Sal gh eee ESB EE AA na Di 497 
Ra, CAGE, NS Gacsasoobmnerie cea acseoroeossooSaSoHoEooosSepEeesns A497 


(Originals of figures 1-5a from Anguilla.) 
6, 6a. Two views of a specimen somewhat flattened by pressure, from Em- 
pire, Canal Zone. 


GuaNotralanizC tenses ee res SUSU ITE esi e eee Gees Cee oes oe 497 
Bar, CAICCEY SCG SSS oe Nee miner Rie ee Me ac otc eee 497 
Puate 146. 
Fries. 1, 2, 3. Goniopora canalis, new species. 
eC oipe ncorallumina tural stZ@. to. eee te uel eee eyes acai) 494 
2ausecond:couype, corallum, natural sizess) 02.02 2...) sos 494 
3 ‘Warkgal Commas, Cae EERE RA AS Hele Roenoseecosoeseeavedas 494 
4, 5. Goniopora portoricensis, new species. 
Amal wen coraliuna, Matural S1Ze. 4) 2 eget ee se fees clare 2a cics =o 495 
5, CANCE SOs OREN ON MORE RR bGe 6 ASdeaese outa akekee seAeeenee 495 
6, 6a, 6b, 7, 8, 9. Goniopora cascadensis, new species. 
Gauiypematuralsize-i6a and 6b, calices; x (Gie0 2-5. 2 n= 497 
emigamalty ioe mmm aiitalysize). fet: eevee ieee Sal ct ere ee eae eee aici AQT 
Saubanatyperematuralesize . 2... Ieee el che eee) ele we AQT 
OmCalicestotarthindsparatype, <"Olj-e.eas en eee ceo. Gwe MAO 
PLate 147. 
Fias. 1, la. Porites baracotiensis, new species. Two views oi the type. 
Hmesromchrena tural SLAC sce sisic Secret selene cite cies Se REO ote 499 
lansbart-or branch, »<5..242eececcn<c.ssenot OY Bue ee ee. 4 499 
2, 2a, 8, 4. Porites baracodensis var. matazasensis, new variety. 
2. Type, corallum, natural size; 2a, the same, X 5.....-.--..-.------ 500 
Gam baba types once ees tas S55 5 o5 val o e aia Se etnearc htt tre SESiate cts 500 
4, Paratype, X 5, shows intergradation with the typical form of the 
NCGS: 5b Soka ce See ee REE ENC Sas 6S Aste aman ee 500 
PuaTeE 148. 
Porites panamensis, new species. 
icuelwcbaratypexcorallumsmatural S170. 2.50... 6 52cm me el tle sic 504 
De C@alicesvexqowOlaparatypes..0 02520002. oc ee eee eles. 2 504 
3, 3a. Two views of the type. 
Sei C@orallumeqna tural size wi. coca ice carck Uber ery oie oe ca 503 
SatiOalicesia cg tment ss e lac oc cat elem pees ee ae 503 
PLATE 149. 
Fies. 1, la, 1b. Porites anguillensis, new species. Three views of the type. 
1. Upper surface, natural size.......... OR a i a eae ea 504 
lasivowernsuniacewnatural size. 05/52 Os yee Mee ee cere er yk. - 504 
Ta KOR IIo? SC GIL SN a aCe Soraya Vert else eS ee 504 
2, 2a. Porites dowvillei, new species. Two views of a cotype. 
Qe Branchemtac una lesz eee. 2 15/0 es oe a paguie anit erage. =) eS 505 
Hi) ORY DVOLS SCS Sa ea Rr ee oe nas 502 


3, 3a. Actinacis alabamiensis (Vaughan). Two views of a small specimen 
from Flint River, near Bainbridge, Georgia. 
Se Corallummienaturalssiz evs cee mame mMe tess nly es lunes ccek AUS Mee ek 486 
Biohs (ORANGES ASCE ays cree earn el 2d Ateh se Pep ay LEU SU ees ar ra te 486 
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Puate 150. 


Fras. 1, la, 2, 3, 4. Porites toulai, new species. Page. 
1, la. Type, natural size; la, calices, X 8, of the type..--..:.-...... 501 
2.. Paratype, natural ‘sizes jie A os Ee es Wea a ae 501 
3. Second paratype, maturaliisizies seo eae ee 6 ae eee 501 
4. Calices of a third paratype, >< S222 22 022 4)... eee ele eee aaa 501 
- 5. Porites anguillensis, new species. Specimen from Empire, Canal Zone, 
Natural G1Ze ee ee ee ee Oa, Ca ae Nena aaa 505 | 


Puate 151. 


Fies. 1, la. Porites douviller, new species. ‘Two views of a cotype. _ 


1 “Corallum, maturalieiizen cat eee Re es a 501 
Ha Cali ess oS 23228 See PRS SN Sas STE Se epee 501 
2, 2a, 3, 3a, 4. Porites (Synaraea) howei, new species. Views of the three 
cotypes. , 
2. Branch, natural size; 2a, part of the same branch, X 3........... 505 
3, 3a. Two views, natural size, of the same branch.................- 505 
4) @alices; X¢8: ol a) third branche 4s eo) en oe ee ee 505 


PLATE 152. 


Porites (Synaraea) macdonaldi, new species. 


Fie.'). A cotype; naturalsizesy yoo oe. ec ae Ss ee eee a 506 
2. A second‘ cotype, maturalisize.. 20245. 2: obsess = cece ck eee eee 506 
3, 3a. Two views of a third cotype. 
3. Naturalisize 2 Soci acs occ cin ne le ciseine See eee OOG: 
Sa.) Parti ofsuriaces sis ees des Be oie Be ee i ae eee ee oe 506 
4. A fourth’ cotypey natural size. s..12.. 2c. nis ss Soteaek webct — see eee 506 
5, 5a. Two views of a specimen referred to this species. 
5; -Corallum; maturalisize. 22.2. 52c co.cc eco cac soos c ee eee eee 507 


Bas Avealices eB esas Mme Sipe ercie oie Heh fay) eS eee 507 
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A. THE GENERAL PLAIN. 


B. DAGUILLA, A MONADNOCK OF HARD ROCK. 


C. LOWER PART OF COURSE OF SANTA FE RIVER. 


VIEWS OF ISLE OF PINES, CUBA. 


FOR EXPLANATION OF PLATE SEE PAGE 608. 
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THE SEDIMENTARY FORMATIONS OF THE PANAMA CANAL 
ZONE, WITH SPECIAL REFERENCE TO THE STRATI- 
GRAPHIC RELATIONS OF THE FOSSILIFEROUS BEDS. 


By Donatp Francis MacDonatp, 
Formerly Geologist of the Canal Commissicn. 


INTRODUCTION. 


The following summary statement regardmg the stratigraphic 
geology of the Canal Zone is intended to make clear the stratigraphic 
relations of the deposits from which the fossils described m the 
accompanying memoirs were obtained. The descriptions of the 
successive formations are taken from my paper entitled ‘‘Some 
engineering problems of the Panama Canal in their relation to 
geology and topography,’’! except that Dr. T. W. Vaughan has 
changed the age classification of the formations as published in the 
bulletin cited by referrmg the Bohio conglomerate to the Oligocene 
and by placing the Gatun and Panama formations in the Miocene. 
The small scale map (pl. 153), scale about 5 miles to 1 inch, is a 
republication of the map contained im the same paper, of which it is 
plate 4. It should be noted here that-the Culebra formation out- 
crops at locality station 6024, below the Emperador limestone, on 
Rio Agua Salud; locality station 6025, Bohio Ridge; locality station 
6026, about 2 miles southwest of Monte Lirio; and locality station 
6027, in the old site of Bohio before the relocation of the Panama 
‘Railroad. The position of each of these stations is shown on plate 
154. The electrotypes for figures 26 and 27 were loaned by the 
United States Bureau of Mines. 

The detailed descriptions of the local stations, which follow the 
accounts of the geologic formations, except that of Bald Hill, near 
Miraflores Locks, were made more or less jointly by Doctor Vaughan 
and myself. The study of these exposures by both of us supplies to 
Doctor Vaughan the basis for the accurate placing of the fossils 
obtained in their stratigraphic relations. He prepared the key map 
of localities here reproduced as plate 154. 


1U.S. Bureau of Mines Bull. 86, pp. 83, 29 pls., 9 figs., 1915. Particularly pp. 17-26. 
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The localities for the fossils are indicated as the station numbers 
in the United States National Museum record book for Cenozoic 
mvertebrate fossils. In order to obviate confusion, as the Canal 
Commission also had station numbers, the United States National 
Museum numbers are printed m heavy-faced types im the descrip- 
tions of the exposures, wine the Canal Commission numbers are 
printed in italics. 


SEDIMENTARY FORMATIONS. 


HOcENE (?). 
BAS OBISPO FORMATION. 


The Bas Obispo formation is the oldest Isthmian formation, so far 
as is known, and although referred doubtfully to the Eocene it may 
be of pre-Tertiary age. It was formed of rock fragments and ash 
blown from old volcanic vents. The débris settled over the sur- 
rounding region and was subsequently cemented imto fairly hard 
rock by the slow-acting processes of rock cementation. Locally it 
shows some rough bedding and some rounded water-worn fragments, 
In composition it belongs to the andesitic tuff group of rocks, 
although locally it might be classed as andesitic breccia. It outcrops 
extensively at Bas Obispo and near old Panama, and small outcrops 
rise above the alluvium near Miraflores and Diablo Ridge. 


LAS CASCADAS AGGLOMERATE. 


The Las Cascadas agglomerate also had its origin in fragmental 
rock material blown from volcanic vents and later washed down into 
different beds and masses. It rests unconformably on the Bas Obispo 
formation, is much less consolidated and cemented than the latter, and 
is of much more recent origin. It is a greenish to gray, basic agglom- 
erate, which contains large and small subangular fragments in a 
fine-grained groundmass of volcanic clay and tuff. The whole is 
arranged in massive to roughly bedded deposits, often unconformable 
with each other. Interbedded with these deposits are andesitic 
flow-breccias, some fine-grained grayish and some coarse-grained 
dark andesitic flows, and a few easily crumbled lava-mud flows which 
show columnar jointing where exposed in the canal. The whole is cut 
by large and small basalt dikes. The formation outcrops extensively 
along the canal between Empire and Las Cascadas. 


OLIGOCENE. 
BOHIO CONGLOMERATE. 
The Bohio conglomerate consists of beds containmg water-worn 
cobblestones and pebbles. These beds are separated from each other 


by layers of sandstone and clay rock. The lower part of the forma- 
tion contains more cobbles and pebbles than the upper part and seems 
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to be largely a product of running water. It is generally fairly well 
bedded, though locally massive, and contains hard boulders, up to a 
few feet in diameter, of andesitic, dioritic, and other igneous rocks. 

The upper part of this formation is of the same general composi- 
tion as the lower part, but contains some beds of dark-gray clay marl 
which contain fossil Foraminifera. The cobbles, boulders, and gravel 
are from cherts, andesites, and diorites, and were derived from the 
older intrusive masses of igneous rock now found at intervals along 
the central part of the Isthmus. 

The formation must be at least 1,000 feet thick, and it outcrops 
extensively in the vicinity of Bohio and near Caimito Junction. 
Though not outcropping in the Gaillard Cut, it was encountered in 
many of the cuts near Bohio on the new line of the Panama Railroad. 


CULEBRA FORMATION. 


The Culebra formation contains an upper and a lower member. 

The lower member consists of dark, well-laminated beds of soft 
shales, marls, and carbonaceous clays, with some pebbly, sandy, and 
tufaceous layers. There are a few thin beds of lignitic shale, but the 
whole upper part of the formation contains considerable organic 
matter. It outcrops in Gaillard Cut near Culebra and near Pedro 
Miguel. 

The upper member consists of caleareous beds and lenses ranging 
m character from sandy limestone to calcareous sandstone, 3 to 10 
feet thick, separated by partings of dark carbonaceous clays and 
fme-bedded tuffs. 

Locally this formation gives off a little natural gas and in some 
small areas it shows slightly bituminous shales. 


CUCURACHA FORMATION. 


The Cucuracha formation is here described in considerable detail, 
because in it not only the Cucuracha slide but also the big Culebra 
slides developed. It is so named because of being the site of the- 
Cucuracha slide and because it is typically exposed near Cucuracha 
village. 

The formation consists of a dark green, massive and locally bedded, 
slightly indurated, volcanic clay rock of andesitic composition. It is 
a land-deposited formation, overlying the marine Culebra formation, 
from which it is separated by 10 to 20 feet of slightly indurated 
gravel. It is the upper part of what Hill! and Howe? called the 
Culebra formation. 


1 Hill, R. T., Geological history of the Isthmus of Panama and portions of Costa Rica, Museum Com- 
parative Zodlogy Harvard College Bull., vol. 28, 1898. 

2 Howe, Ernest, Canal Commission Ann. Rept. 1907, Appendix E, pp. 108-138; Isthmian geology of the 
Panama Canal, Econ. Geol., vol. 2, 1907, pp. 639-658; Geology of the Isthmus of Panama, Amer. Journ. 
Sci., ser. 4, vol. 26, 1908, pp. 212-237. 
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SUCCESSION OF BED ROCKS. 


c. River alluvium. 
Pleistocene. Val, b. Muds and silts. 
| a. Gravel. 


Pliocene. (-5-5-4 [> nections \shell mar] and limestone. 


Miocene. | 
a. Sandstone. 


boa 6. enbenea er \Marine limestone, many corals, 
Oligocene. : 


8. Panama, 


oe \right colored tuff beds, argillite, ete. 


; c. Clay beds. 
9, aoe It Fine sandstone. 
E la. Argillite. 
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formation, 


ce. Sandstone. 
bh. Limy conglomerate. 
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amTTENiGn \Marine carbonaceous shale, clay, tufis, limy sandstone, 
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9 Las Cascadas\ Volcanic débris, mud-lava, some flows and dikes of 
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iL, Bas Obispa \Volcanic breccia. 
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4+1G. 26—ROCK SUCCESSION IN THE CANAL ZONE. (From U.S. Bureau of Mines Bull, 86.) 
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Fia. 27.~-GENERALIZED GEOLOGIC SECTION ACROSS THE IstHMUS. 


(From U. 8. Bureau of Mines Bull. 86.) 
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Locally 1t contains red beds and lenses, but these are of the same 
general character as the green clay rock in which they are inter- 
bedded, except that they contain slightly more iron and alumina 
and a little less silica. In certain beds there is a network of small 
irregular joints, contiguous to which the greenish clay rock has 
turned red; such a change seems to be due to the oxidation of the 
greenish ferrous iron to the red ferric condition by surface waters. 
In some of these red beds, however, there has been some local con- 
centration of iron and alumina products. 

In addition to the red beds there are a few local beds and lenses 
of gravel and of sandy, dark-gray, tufaceous material. This gravel, 
like the gravel at the base of the formation, is fairly fine, loosely 
cemented, and consists of the rounded fragments of indurated shales, 
cherts, and concretions from the lower part of this formation and 
from some of the older rocks. 

There are also four distinct beds of hgnitic shale, 1 to 5 feet thick. 
They are the fossilized remains of former swamps. 

The formation is cut by some large and some small basaltic dikes, 
but these have caused scarcely any metamorphism. Faulting has 
considerably broken the beds and, owing to their soft and brittle 
character, relatively small faults, where the movement seems to have 
been less than 75 feet, have resulted in shear zones up to several feet 
wide. ‘These rocks weather readily, and are covered by 10 to 25 feet 
of red soil. They are easily eroded, so that the outcrops of this 
formation have mostly been worn into flats or valleys. 

Extending for more than a mile over what must have been an old 
land surface, and now forming an interbedded unit of this forma- 
tion, is a light to dark grayish, or, on fresh fracture, greenish, lava- 
breccia flow of andesitic composition. Hand specimens of it show a 
few little shiny faces of feldspar crystals up to 2 mm. in length, set 
in a groundmass that resembles indurated clay. The brecciated frag- 
ments are small, somewhat altered, and seem to have been picked 
up from the formation over which the flow moved. Under the 
microscope the rock is seen to consist of euhedral phenocrysts of 
andesine ranging in size up to 1 by 2 mm. and some crystals of potash 
feldspar set in a cloudy claylike groundmass, dark scaly areas result- 
ing from the decomposition of some mineral, considerable chlorite, 
some calcite, and a little secondary quartz. The outlines of the 
brecciated fragments were recognized, but their original composition 
was obscured by alteration. This altered andesite flow is somewhat 
jointed and weak, so that it adds but little strength to the slopes 
and is practically no protection against slides. 

The prevailing grayish-green color of the formation is due to the 
fairly high percentage of very finely divided chloritic material that it 
contains. These greasy mineral particles are a marked source of 
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weakness and mobility and are one of the factors that have caused 
maximum sliding in this formation. In contrast with the clays of 
the Culebra formation, these rocks are massive, largely of terrestrial 
origin, contain little organic matter outside of the few lignitic shale 
beds mentioned, have a greenish color from a high chlorite content, 
and are much more given to sliding than the other rocks. 


EMPERADOR LIMESTONE. 


The Emperador is a light-colored, fairly pure limestone. It hes 
unconformably on several of the older beds. Its outcrops are 
comparatively small and weather locally into a pitted and platy 
condition. Near Las Cascadas a section cut by the canal shows the 
limstone, about 25 feet thick, overlying the upper part of the 
Culebra formation. It outcrops northwest of Empire, south of 
Las Cascadas, on the new line of the Panama Railroad near San 
Pablo, near Frijoles, in the swamp southeast of Diablo Ridge, and 
extensively near Alhajuela. 


CAIMITO FORMATION. 


The Caimito formation, which overlies the Emperador limestone, 
consists of three members, as follows: (a) A basal light-gray, soft, 
argillaceous, or clay-like, sandstone, which grades upward into a 
yellowish argillitic sandstone that is bluish gray on fresh fracture; 
(6) a peculiarly calcareous conglomerate with some fragments of 
much decayed basic rock, which locally give a bright-green stain to 
small patches of the formation; (c) a light-colored to yellowish argil- 
laceous sandstone fairly well bedded. The upper argillitic sandstone 
is the rock that outcrops in the Chagres River at Barbacoas, near 
San Pablo. Beds a, 6, and c may be seen in the section at Baid Hill, 
north of Miraflores. Bed 6 outcrops extensively at San Pablo and 
near the site of the proposed wireless telegraph station opposite 
San Pablo.. The formation does not outcrop at ali in Gaillard Cut. 


MIOCENE. 
GATUN FORMATION. 


The Gatun formation consists of three members, as follows: 
(a) About 500 feet of marls and argillites, or clay rocks, and some 
beds of soft sandstone and conglomerate; this member is bluish 
gray but locally contains many brown specks, indicating fragments 
of organic material; it is rich in the fossil shells of ancient marine 
life; (6) mostly fine, soft sandstone, about 100 feet thick, containing 
a few fossils; (c) light to creamy gray indurated clay beds. 

The formation is extensive and constitutes the foundation on 
which the Gatun Locks are built. Fortunately, its fineness of grain 
renders it relatively impervious to ground water. The upper part 
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of the formation weathers into red clay, and it covers the solid rock 
to a depth of 10 to 25 feet, except where it is cut through by streams. 


PANAMA FORMATION. 


The Panama formation is a light-colored well-bedded tuff some- 
what acid in composition. Locally it contains some argillaceous 
beds. It outcrops extensively from Miraflores to Panama and in a 
few other places. The formation is at least 400 feet thick and over- 
lies the Caimito formation. It seems to be relatively porous, fairly 
well bedded, somewhat jointed, and of a crumbly or friable nature. 


PLIOCENE. 


TORO LIMESTONE. 


The Toro! limestone is sandy and fragmental, and locally is a 
coquina or shell marl. Its type locality is at Toro Point, but similar 
appearing limestone fringes the Caribbean coast, except where 
large valleys have caused it to be eroded or covered with alluvium. 
In places it forms low bluffs or headlands, expecially at Toro Point, 
west of the Gatun Dam, and at the mouth of Chagres River. It is 
the rock from which Fort San Lorenzo was built. Rock from this 
formation was used as a hearting for the Toro Point Breakwater. © 


CHAGRES SANDSTONE.? 


The name Chagres sandstone is proposed for a massive, coarse- 
grained, rather soft sandstone, that locally shows stratification and 
considerable cross-bedding. Some of the beds contain a few poorly 
preserved bivalves and dark to brownish fragments of organic matter 
are not uncommon. This appears to be a land or beach deposit, 
and is probably as much as a thousand feet or even more thick. 
It is tilted oceanward at angles ranging from 5 to 20 degrees and lies 
on top of the Toro limestone on which it may or may not be con- 
formable. It forms the hills overlooking the coast between Toro 
Point and the mouth of Chagres River. 


PLEISTOCENE. 


The Pleistocene formations consist of (4) swamp deposits, black ° 
soil, and silt, filling old channels to depths of 325 feet below the 
present sea level; (b) river gravels up to 10 feet above the present 
normal river levels; (c) old sea beaches 6 to 10 feet above the present 
beach level; and (d) bars, beaches, and the present river alluvium. 


DESCRIPTION OF LOCAL SECTIONS ACROSS THE ISTHMUS OF PANAMA. 


The black-faced numbers in the following descriptions are the station numbers in 
the United States National Museum register of Cenozoic invertebrate collections 


1 Called Caribbean limestone by the author in reports of Isthmian Canal Commission for 1912 and 1913. 
See p. 63 and p. 570 of report for 1913. 
2The name and description of this formation were added to the proof of this article. 
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for localities at which fossils were collected. The numbers in italics are for the Canal 


Commission stations. 
Section in canal cut 600 feet south of Miraflores Locks. 


Pleistocene: 

3. River alluvium with gravel and pebbies, loosely cemented 
conglomerate at base, almost horizontally bedded, is 
unconformable on (2), and has an exposed thickness of. . . 

Unconformity. 
Oligocene (Culebra formation): 

6009-2. Dark, soft, fairly well-laminated clay rock which 
seems to be unconformable on (1), shows a few lines 
of small limy concretions, buff-colored after weath- 
ering, parallel tothe bedding. Thisisaforaminiferal 
clay and is the upper part of the lower beds of the 
Culebra formation. Dip 12° southward. Thick- 
MESATE RP OSEC Wa CTS mee eierah A AMled eM AWE MT SAI oe ee S| Lat 

Unconformity. 
Eocene (?) (Las Cascadas agglomerate (?)): 

1. Mottled, light-greenish, fine-grained agglomerate to coarse 
tuff. The grains, one-eighth to 1 inch in diameter, are 
soft irregular particles of basic mud rock or much altered 
andesitic tuff. Finely divided chlorite seems to give 
greenish color. The spaces between the grains are filled 
with white limy cementing material, thus giving the 
rock a whitish and light-green mottled appearance, 
though the prevailing color is light green to grayish- 
green. Rock very similar in appearance to this is ex- 
posed in the upper part of the Contractors Hill mass, 
and was noted in the bottom of the Gaillard Cut near 
Paraiso, and near station 1909 where a small cave in the 
rock was found. As this lithologically resembles the 
Las Cascadas agglomerate and is distinctly different 
from the typical Culebra formation, it is considered as 
representing the upper part of the Las Cascadas agglom- 
Crate a weenie kmMessexpOsed eka. eae eee eset aera 


Feet thick. 


Section at Canal Commission station 2089 south of Miraflores Locks. 


Pleistocene: 

3. Sitand alluvium faulted down opposite (1), exposed about.. 

Miocene (Panama formation): 

2. Light to buff-colored tuff beds showing some cross-hedding 
and some iron staining along the cracks, unconformable 
om (lL) exposediab out. ty 05 5_ isan ee pace erm We aL 2). fay 

Eocene (?) (Las Cascadas agglomerate): 

1. Massive basic agglomerate, much altered, mostly greenish 
with some lighter-colored patches, giving a mottled color 
effect; cut by basaltic dikes; contains a few little cracks, 
some of which are filled with iron-stained cherty material. 
Expose diabo utes ties eenlis. Unni eie AeA AGL ON LPS ua Lr 

There is at this place a fault which trends S. 15° E. and hades 

80° W. Itisimpossible to estimate the amount of the throw, 
because it is not known how much may have been eroded 
from the upthrow side since faulting. Ina few places along 


Feet thick. 
30+ 


15+ 
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Eocene—Continued. 
the fault line springs bubble up, the waters from which were 
saline and astringent and gave off much carbon dioxide. 
This locality is now covered by the water in the canal. 


Section, north end of Miraflores Locks. 


Oligocene (Culebra formation): 

At the north end of Miraflores Locks and from there to Pedro 
Miguel Locks, beds belonging in the lower part of the Cule- 
bra formation outcropped in the canal cut. They consist 
oi dark, well laminated, and very. soit carbonaceous clay 
rocks, and locally contain lenses of granular tufaceous 
material and a few beds that carry some pebbles. Some 
lines of small concretions parallel to the bedding were 
noted. Foraminifera common. In general, the beds have 
a dip of a few degrees toward the south, although one south- 
ward dip of 25 degrees was noted. 


Section, Pedro Miguel Locks to Paraiso Bridge. 


Oligocene (Culebra formation (lower part)): 
6010. Material the same as in the preceding exposure. Ostrea, 
Pecten,and many Foraminifera,including Lepidocyclina 
panamensis?, were collected. 


Section at Bald Hill near Miraflores Locks. 


Total thickness of exposure about 325 feet; dip of beds 15° NW. 


Oligocene: 
Caimito formation— 

5. Limy, fine-grained sandstone, which weathers slightly 
buff-colored. A few fragments of fossils noted; out- 
cropindistinet:. Hstimateds-= ses ssee sess = eee ere 

4, Dull yellowish, buff after weathering, rather soft and 
somewhat massively bedded, fine-grained sandstone. 
Bistammarte chit Ree ei a 2 Mec eas neg cei ay me ape epee ese 

3. Limy agglomerate beds, light colored to brown, with a 
few greenish stains, similar to the blue and green 
stained beds that outcrop near San Pablo. Middle 
member of the Caimito formation. Estimated..... 

2. Light yellow to buff after weathering, fine-grained 
sandstone, fairly thick-bedded, but weathers rather 
platy or somewhat spherical. Lower part of the 
sandstone seems to be rather limy and weathers 
easily. Lower member of the Caimito formation. 
Stila Ge dso s cee ihe ee a re 

(There is some evidence of an unconformity between (2) 
and (1), but the contact is not clear enough to be 
sure of this.) 

Emperador limestone— 

6256-1. White to creamy gray, rather pure limestone; 
weathered surface much pitted; contains many 
fossil corals. Typical Emperador limestone. 
Bstimated 2etieien te ieee ee ee 


Feet thick. 


7 
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Section along east side of Gaillard Cut from Canal Commission stations 1848 to 1850. 


Oligocene: 
Cucuracha formation— Feet thick. 
11. Material the same as No. 9. Exposed........-.---- 50+ 
10. Bed of fairly fine gravel, loosely cemented with cal- 


careous materiale: Bistimated se. 46 oe. se eee 15 
9. Light green, fine-grained, soft and friable argillaceous 

rock. Lower part of the Cucuracha formation. 

stumateda vere cm etc i octane sate sulfa tse oe 50 

Culebra formation— 

8. Beds of partly consolidated gravel, with some dark- 

gray, granular, tufaceous material; light-colored, 

limy cement. Marks a small unconformity between 

the upper part of the Culebra formation and the 


overlying Cucuracha formation. HEstimated........ 30 

6911-7. Limy bed similar to No. 5; contains Heterosteginoides 
DH OTA LSS CSB OGES SORENSON COURS Son OR aE mae 2 5 
6. Material similar to No. 4. Estimated...........---- 50 

5. Fairly hard, somewhat coarse-grained, light-colored, 
sandy limestone grading into limy sandstone....-- 5 


4. Dark-gray, thin-bedded, friable tufaceous beds with 
partings of soft dark carbonaceous shales. Part of 
upper part of the Culebra and practically same as 
(2) ey estimated si. sco hi. 2 ae a ers omirastisilo haretere 50 

3. Two beds of gravel loosely cemented by light-colored 

- limy cement. <A 3-foot bed of dark, friable, car- 

bonaceous shale separates the two gravel beds. 

Gravel contains # number of oysters and some other 

fossils. Appears to be a local unconformity here. 

Estimated thickness of gravel beds, including the 

shaletbed ie ec ken alee avun pec onto ais cma Ne bee 30 
. Thin-bedded, granular, and somewhat friable, dark- 

gray, tufaceous sandstone beds, separated by soit, 

dark-brown, carbonaceous shale layers; a few peb- 

bles present. Part of the upper part of the Culebra 

formation. Dip about 35° northward. Estimated. 100 


bo 


Age? 

1. Laceolithic mass of basalt which has tilted the beds into 
which it was intruded and slightly metamorphosed them 
for a foot or more distant from the contact. A dike 1 to3 
feet wide seems to connect with main mass. 


Section on west side of Gaillard Cut from Canal Commission stations 1775 to 1756. 


Section shows three small faults, also contact between Cucuracha forma- 
tion on top and Culebra formation beneath it. Thickness of entire 
section 400+ feet. 

Oligocene: 

Cucuracha formation— 
2. Fine-grained, light-green, fairly massive volcanic clay 


rock. Feet thick, 
Pep SAE © AS! (CG) aaa creer adie ee tics sea k Sud 100 
eu Andestte-breccia flown A bOUL cts acc sos. <sle 20 
d, Light-green, fairly massive, volcanic clay rock... -. 3 to 8 
ec. Small lens of limy sandstone. Maximum thick- 


MESSED OMG eee eae ee pe aa ey ae ed Gell roy 1 
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Oligocene—Continued. Feet: thick. 
6012¢e-b. Dark-brown, carbonaceous shale with little lenses 
of lignite. Thickness irregular but maximum 


BOOU GS). aes c/o Re SUS EN le Gane ee ay een aN 4 
‘a. Lower part of formation, contains some sandy and 
pebbly: layers ee Meee AM. eh \ cies kee iva, a ania 17+ 


Culebra formation— 
1. Dark friable carbonaceous shales and dark-gray granu- 
lar tufaceous beds. A few thin lenses and beds that 
contain much gravel. Fossiliferous. Upper part of 
Culebra formation. Total thickness about.......-.-. 130 
k. Loosely cemented gravel that seems to mark an un- 
conformity between the Cucuracha formation on 
top and the Culebra formation below it. Some 
limy sandstone lenses at base of gravel. ......... 10-25 
(Normal faults with a downthrow of 10 to 40 feet on 
the north side.) 
6012d-j. Few lenses of limy sandstone at base of gravel; Lepi- 


GOCYCLING: PANAMNENSISmt ae ee ee ee eee eee ree 3 
601s) Priableshaleiand clayc- cee seas eee ee eee 35 
6002c_haiWens lot samdy, lamlestomesn eae). sneer eee i) 


(Made special studies of and collections on the 
uppermost of these limestones and the shales be- 
tween them. Found Amphistegina and Lepidocy- 
clina, many oysters, and some Turriéella.) 


gar biriable:shalevand\clay eee cere eee ee sere ree 16 
Jf. Sermo yi samdston een acts Gaeciih etree ak ete seit 8 
enpriableshaleand clay ssc ason ae cece ee ee 10 
d. Bed of light-colored, limy sandstone, similar to (b).. | 5 
eo Bedlotimable shalemandiclayec ne eee eee aeene 18 
b. Lower bed of limy sandstone and sandy limestone. 

Light colored and fairly hard and well cemented. 

Hossillater ous ys. ian aan eis Cau tae nea nag § 
a. Lower layer of friable shale and clay..............- 15 


Section on west side of canal from Canal Commission station 1720, near Empire, to 1740, 
near Culebra. 
(Total thickness of section, about 530 feet.) 
Feet thick. 
8. Hard and finely cemented mass of dark andesitic tuff and brec- A 
cia. Locally contains basalt fragments up to several inches 
in diameter, cemented into a mass. Rough bedding, with 
dip at a considerable angle, but formation generally massive. 
(Fault contact between (7) and (8) shows sheared zone several 
inches wide. Downthrow apparently on south side.) 
7. Light gray, buff after weathering, andesite breccia, a flow. 
6. Light-colored, fairly fine-grained, limy tuff, somewhat clayey; 


distinctly bedded eis ee INA a aaa Ocal ean nee 20 
Oligocene (Culebra formation): 
5. h. Soil and, locally, old waste dump material. About.... 15 
g. Bed of very loosely cemented gravel, somewhat weath- 
ered because of proximity to surface. About......-. 20 


1 About this horizon but on east side of cut. 
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Oligocene—Continued. Feet thick. 
ifs IN o@wth SeNTNS Be) (C))6 6 saddesceeaccosooodadsSesucusGedah 40 
Cs eAboutisammeras (C) eee ae nein mers es cer 10 
d. Dark, well laminated and very friable shale..........- 35 


c. Light-gray, limy sandstone and sandy limestone beds. 
Relatively hard and coarse grained. This limestone 
varies in thickness from 2 to 12 feet, which would seem 
to indicate a small unconformity along its top. Lo- 
cally it contains some thin partings of carbonaceous 


b. Lens of gravel up to 2 feet thick. Partly consolidated 
with limy cementing material. Oysters plentiful in 
this gravel. 
a. Dark, well laminated and very friable shale. ...-...... 30 
4. Dark, well laminated and very friable shaly and tufaceous 
beds. Some of the layers less than an inch thick. 
Partings show fossil plants and much organic matter. 
Some of the layers weather brownish from organic 
matter. Between the more organic and clay-like layers 
are thin beds of dark-gray, granular to ash-like tufaceous 
material.) Hossiliterous) Hixposeds) ese cas ses sce se - 150 
(Fault with a downthrow of more than 125 feet on the south 
side. Considerable shearing and disturbing of the beds 
for several feet on each side of the contact.) 
6012b-3. Light gray, limy gravel and some tufaceous material, 
not well bedded and only partly consolidated with 
limy cementing material. Fossils, particularly oys- 
ter shells, are plentiful. This bed seems to mark a 
local overlap or small unconformity.............. 40 
2. Dark-gray, bedded limy tuffs and partly consolidated 
shales. Differs from (5) in having more granular 
tufaceous material and less of the fine friable shale 
material. Is very limy, contains some gravel, 
and oyster shells are common..............---- 30 
6012a-1. Dark, well laminated, soft, very friable, carbona- 
ceous shales and dark-gray, granular, loosely ce- 
mented tuff beds. Typical lower Culebra beds. 
Fossil plants; marine fossils include Lepidocyclina 
panamensis ?, Cyclichna, Conus, Pleurotoma (3 spe- 
cies), Arca, Pecten, Callianassa, etc.....-......-- 150 


Section on west side of Gaillard Cut near Las Cascadas, Canal Commission stations 1617 


to 1597. 
Feet thick. 


20¥eYiellowish to. cream colored claysii5.. -c0- 5-2-3 cc- 54 - 15 
Oligocene: 

Emperador limestone— 

6019g9-19. Light gray to canoe aa eray, somewhat sandy 
limestone. Massive, but some bedding in upper 
part. Very fossiliferous: Pecten, Amusium, 
Stylophora, Clypeaster lanceolatus, Echinolampas 
semitorbis; Leprdocyclina, tC. 2-35-20 ns sce 35 


37149—19—Bull. 103——2 
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Oligocene—Continued. Feet thick. 
Culebra formation— 
18. Lignitic shale bed at base of limestone..............- 2 


17. Dark, well laminated, very friable, carbonaceous 
shales and clays with dark, granular, tufaceous 

material, Possils;atjbase. cee sbe tei eile = 30 
16. c. Light colored, sandy limestone. Thickness 14.... 
6019f— b. Dark, very friable shales and tuffs. Fossils abun- 


dant, Lepidocyclina chapert. ‘Thickness 3....... 6 
a. Light colored sandy limestone to limy sandstone. 
Mhickmess Rs eke ke aE eros) Aer ee 


15. Dark, friable shale, clay and tufaceous material with 
some thin layers of limy sandstone in the upper 

DME be Sudo duouiagoooudosuossocooUCooUgSSaNed 10 
6019¢-14. Thin-bedded, light-gray to cream-colored limy 
sandstone with some partings of light-colored clay, 


Orbitolites seteaey) oe pe eR ee aR aay et ae 8 

13. Fine-grained, very friable, dark-gray, tufaceous 
maperial wwellustratied je) eee see eee 3 
6019d-12. c. Grayish-green, limy, tufaceous sandstones. ..... 3 
b. Dark, carbonaceous clays and tuff............-.-- 1 

6019c— a. Grayish, well-stratified, and very friable tufa- 
CEOUBISAMAStLOMEN wea ae eee Nes epoca 3 


(Total thickness, 7 feet.) 
6019b-11. Dark, well stratified, and very friable tufaceous 
material; some fossils. Turritella, Arca, Car- 
dium ete: Orbitolitess eri sae ee iron ae 4 
60190-10. Grayish, rather nodular, impure limestone, contains 
some green particles; Lepidocyclina canellei was 
collected am thisibed eyes shoes sey ener eee 9 
Ovdaomiticishale bed 5. sas ose soe maximum. - 3 
8. Dark-gray carbonaceous clays, friable shales and 
tuffs, some lines of limy nodules parallel to the 
bedding. Some of these concretions are as much 
as 6 inches thick and a foot long, their longer 
axes parallel to the bedding. One or two regu- 
lar lines of these nodules near base.............- 30 
7. Very friable lignitic shale bed.........maximum. . 3 
6. Dark-gray carbonaceous clays, friable shales and 
tuffs. Lenses of limy nodules parallel to bed- 
dines/samieias!(8) sss ete acre ee eee ees 33 
6020¢ c. Just below the second line of nodules in these (6) 
beds fossils were found as follows: Arca, Ostrea, 
Pecten, Spondylus, etc. Among the fossil cor- 
als are Orbicella, Siderastrea,. and Goniopora; 
one Siderastra head measured 20 inches high by 
24 inches in horizontal diameter. 
§020d b. A few feet below (c) found numerous cerithiids, 
Nassa, and Corbula. 
6020a a. In the lower layers of this member of the section 
(No. 6) were found some poorly preserved mol- 
lusks, such as Arca, Cardium, Tellina, Venus, 
and fragments of crab claws in calcareous nod- 
ules. 
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Oligocene—Continued. Feet thick. 
Demablewionitic shalelbeds oe 9c) dein is vane 2 
4. Light-gray, limy-looking clay bed with some limy 
nodules and some lenses of soft nodular clayey 


IiMeSHONE!! Leah Roe a ru ee ay iN 0 le ea 6 
Sepkinablevmenitic shale bed. ssh 2 
2. Light-gray to greenish fine-grained clay and fine 
agelomerate:| Hairly massive: ...2......2 2.45.2 le 
Unconformity. 
Eocene? 
Las Cascadas agglomerate: 
i Dark-eray volcamicacrlomerates. 045020 ee. Yee 50 
otelkthickmess Meee ee ew sec ee ane oes ents 275 


Section in cuttings of Panama Railroad near Caimito Junction. 


Oligocene: 


Emperador limestone— 
Feet thick, 


6021 and 6673-4, Light-gray to cream-colored, sandy lime- 
stone, Lepidocychina vaughani abundant, 
also anullipore (Lithothammium isthmi) and 
numerous fragments of echinoid tests, in- 
cluding a Clypeaster (?). Strike N.30° E., 
dipyZ OSU NP OOS aWii ter aoe ool oie About... 70 


Unconformity. 


Bohio conglomerate— 
3. Fine argillaceous conglomerate; small pebble beds 
with sandy matrix, separated by clayey and sandy 


2. Conglomerate, with gravel, cobbles, and small boul- 
ders; matrix clayey and sandy; fairly well bedded. 
Cobbles and boulders are mostly hornblende ande- 
Sibe aUGidtOriber sree cease me Meee aye a ena arnt MAD 20 


Unconformity. 


Eocene (?) (Las Cascadas agglomerate): 

1. Dark, massive, hard, and fairly well cemented andesitic 
agglomerate. Contains subangular fragments of andesite 
and basalt from a foot or more to less than an inch in 
diameter. Matrix fine dark andesite tuff. 

United States National Museum locality record station 6022 is 

on limestone about the same as (4), described above, a mile 
farther north. 


Railroad cut near stream about midway between Rio Frijol and Rio Frijolito. 


Oligocene (Culebra formation): Feet thick, 
ZeeSuricial.) residualired clayawe seem eee ae ce acl S 15 
6023. 1. Dark, very basic, friable, tufaceous material; Lepi- 
docyclina cenellet very abundant......... About.. 25 
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Section in Railway Cuts Near New Frijoles. 
Oligocene: 
Emperador limestone— Feet thick. 
6024-5. Rio Agua Salud: Argillaceous, cream-colored 
limestone; fossil corals in base (Stylophora, 
Acropora, etc.), also Pecten, echinoids, etc. 
The limestone is bedded and has clay part- 
Imes: + Dapvabout LOSE wok even a hee ae 10 
Culebra formation— 
6024a-4. Rio Agua Salud: Dark, basic, tufaceous ma- 
terial, Heterosteginoides panamensis, Num- 


TUULTLES PONLAMCNSIS Es sass ee ere errr eee 10 
Bohio conglomerate?— 
3. Small pebble conglomerate, fairly well bedded...... 30 


a. Fairly well-bedded conglomerate, with pebbles, 
cobbles, and boulders well rounded and in con- 
siderable variety but largely of hornblende- 
andesite and diorite facies. Largest boulders 2 
feet in diameter. Matrix consists of sand, clay, 
ebeH DIP Sot SES Pee ey ue eae ieie ere un megees 300 

2. Dark, basic, orbitoidal, tufaceous material; bedding 
not distinct. Probably a part of Bohio conglomer- 
BLO SS eae Ue as aay et ral cata (oly tad orate aheN git HLNaheslctd oy ale eeeat te 20 

b. Gray, thick-bedded, coarse-grained, somewhat 
basic, sandy, foraminiferal material. Dip 35° 
Sawe  Rouchiyvestumatedtatiers: --7.ossaeeeeae 400 

a. Grayish, massive, argillaceous to sandy material; 
bedding not distinct. Probably part of Bchio 
Conglomerates. wastes siete MASA US Bs ae 


Unconiormity. 


Eocene? (Las Cascadas agglomerate (?)): 

1. Dark, fairly well cemented andesitic agglomerate; shows 
some rough bedding, contains subangular fragments of 
basalt and andesite from less than an inch to more than 2 
feet in diameter. Matrix dark, fine-grained, andesitic 
tuff. Exposure behind New Frijoles railway station. 
Strike seems to be about N. 60° E., dip 30° W. Ex- 
OSeCE Eee ee aceasta MEP SPINE Ahr A NS A 8 70 


Section Showing Chief Railway Cuttings and Outcrops Along the Panama Railroad 
Between Bohio and Monte Lirio. 


Miocene (Gatun formation (?)): Feet thick. 
4. Monte Lirio: Fairly hard, sandy, drab-colored clay stone. 
Massively bedded and dipping about 7° northward; the 
clay weathers slightly buff-colored and contains white 
powdery particles like some of the clayey sandstone 
beds of the Gatun formation. No fossils found. Ex- 
Ose ecb eusaceoar Gest oNG SSS ueee Se oobebdsegescoo6s 50 
Oligocene: 
Culebra formation (upper part)— 
6025-3. b. Bohio switch: Light-colored, fairly coarse- 
grained, soft, somewhat limy sandstone with 
Nummulites panamensis, Lepidocyclina chap- 
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Oligocene—Continued. 
Culebra formation—Continued. Feet thick. 
ert, some echinoid fragments, also Conus, 
Natica, Turriiella, Pecten, Amusium, Lucina, 
etc. ‘This is probably the equivalent of the 
upper limy beds of the Culebra formation. 
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6026a. Two miles south of Monte Lirio: Somewhat coarse- 
grained sandstone which contains a few pebbles; 
Massive, and weathers into large spherical 
masses; fossiliferous, Stylophora and other corals, 
Lithothamnium vaughani, Lepidocyclina caneller, 
Nummulites panamensis?, Conus, Pecten, Ostrea, 
etc. Seems to be nearly the same bed as 30.... 
Bohio conglomerate— 

2. ef. Rather massive, soft, buff-weathing sandstone. 
No fossils noted. Shght dip southward. Ex- 

POSCC se eias et tees ee etiare aria nae arene ease nyaiates 20 

Unconformity. 
2. a-d. Railroad cuts which show exposures of conglomer- 
ate and sandy beds, dip about 7° northward. 
Unconformity. 
Eocene? (Las Cascadas agglomerate): 
1. Dark, basic, andesitic agglomerate and breccia, showing 
some local overlaps; roughly bedded; dips 10° northward. 
(Fault zone here several feet wide trends N. 30° W. and 
dips 83° southward. Downthrow side on the south. 
Much sheared lignitic shale has been dragged into the 
fault zone. Some silicified wood found in the shale.) 


Exposure a quarter of a mile northwest of old Bohio railroad station. 


Oligocene (Culebra formation): 
6027. Orbitoidal marl is exposed in the flat, the bottom of the 
canal, at the base of a hill that has been cut away. 
This is Hill’s locality for ‘‘Orbitoides forbesii,’”’ which 
is Lepidocyclina canellet. 


Exposure opposite old Bohio railroad station, north side of the railroad track. 


Oligocene (Bohio conglomerate (?)): 

A cliff about 75 feet high composed of dark-colored agglom- 
erate of pyroclastic origin. This agglomerate is overlain at 
the second telegraph pole north of the 15th milepost from 
Colon by a small pebble conglomerate in a matrix of coarse, 
gritty sand. 


Section at Pefia Blanca, about 1 mile below Bohio, on the west side of Chagres River. 


Oligocene (Bohio conglomerate)): 

The entire hill is composed of dark-colored conglomerate of 
hornblende andesite porphyry pebbles, cobbles, and 
boulders embedded in coarse sand. No exposure of the 
orbitoidal marl was observed. Dip toward the northeast, 
50 feet thick. 
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Section at Vamos a Vamos, 24 miles below Bohio, west side of Chagres River. 
Hill to the south across small ravine. 


Miocene (Gatun formation): Feet thick. 
2. Yellowish sandstone and small pebble conglomerate.-...... 50 
1. Dark bluish, fine-grained, argillaceous sandstone........-. 


At and near landing, north side of the small ravine. 


6028b-2. Yellowish sandstone, some fossils.............-..-. 75 
6028a-1. Dark-blue, argillaceous, fossiliferous sandstone, 
RSTSL DO BE- YE S10 gM tea e Vn el Ny STORRS SEE RID es 20 


Fossils: Cylichna, Turritella, Cardium, etc. The exposure is rapidly 
becoming concealed by vegetation. Fossils were firmly embedded in 
the matrix and not easily removed. 


Section on Panama Railroad from Monte Lirio to outcrop of Gatun formation on south 
side of Big Swamp. 


5. Hill of basalt; quarried for facing material for Gatun dam. 
Miocene (Gatun formation): Feet thick. 
6030-4. Bluish-gray, argillaceous beds which weather reddish; 
locally contain pebbles, fragments of organic 
matter, and many fossils. Pecten, Clementia, 
Encope megatrema, Callianassa vaughani. (This 
bed is exposed on the north side of the swamp, 
about 14 miles north of Monte Lirio.) Dip about 


LOSsmorth werd: ses ee oe eee is tes ey a ps eee ewaee 100 
3. Fairly hard, sandy, drab-colored claystone; mas- 
sively bedded and dips about 7° northward...... 50 


Oligocene (Bohio conglomerate): 
2. Conglomerate, somewhat weathered and not extremely 
coarse; overlies sandstone, bedding not very clear. 
Local unconformity. 
1. Fairly coarse sandstone with a southward dip of about 20°. 


Seetion showing Gatun formation, one-quarter to one-half mile from Camp Cotton, toward 
Monte Lirio, at big curve on railroad. 


Miocene (Gatun formation): Feet thick. 
Tei CA Cish sores a4! yiaus onal Gava Ni We eee ye Gs ae soe (0) 
6029c-6. Bluish, fossiliferous argillite; contains some sandy 
beds and some lenses of buff-weathering, consoli- 


dated, impure fuller’s' earthy: 22022 eyo ae 30 

5. Bluish argillite, which weathers buff............--- 9 
4. Buff-weathering, consolidated, fuller’s earth beds; 

TLOGEV EDs SP UTOs ye i cone en aael Uren era maton yore ua 9 

6029-3) AB luish are bites 050 ya aes era eee an 10 
2. Buff-weathering, consolidated fuller’s earth beds; 

MOL Very) OUTS so .\e Sec sysie SN Me eae apa tea a 12 


60239a-1. Bluish, fossiliferous argillite; some sandy and pebbly 
beds. Encope platytata, Callianassa vaughani, 
EXPOSE EN MT Te ION Sea LES ae 20 


100 
Dip of all above beds about 7° northward. Amphi- 
stegina lessonit occurs in beds 602%a, b, and ec. 
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Large railway cutting a quarter of a mile from Camp Cotton, toward Monte Lirio. 


Miocene (Gatun formation): Feet thick. 
2. Dark-colored clay with white particles embedded in it. . . 
1. Dark-colored marl, fossils as at the two previous localities. 
DE AbOMt GN TOO MI rc ee terse stares ey atetanae te are 


In the next two exposures going toward Camp Cotton. 


2. Clay with white particles embedded in it.............. 40 to 50 

HeaaWark-coloredimarlwfossiliferousss2s5 sees eee eet 60 

The lower beds exposed in the cutting one-half mile north of Camp 
Cotton are not exposed in the last-mentioned cutting. 


Section in cut one-half mile west of Camp Cotton toward Gatun. 


Miocene (Gatun formation): Feet thick. 
3. Marl, dark, blackish-gray when unweathered, brownish 
WET WEALMened cepa apie Sei eee ei cave neta alias 15 
Pas A OVE R25 oy d A TLay eset eless hte CaaS AEN ee a SAL ea 2 or3 
1. Blackish-gray marl containing a conglomerate bed...... 35 


This bed may be divided into three parts: 
603 * Samdiyammar bonnet Ros cates eee icc c\aie teeter pao cers sitar 
ba, Conglomerateibedss joss yk ey ic Say oie stares sai suete 2 feet. 
6032 a. Sandy marl with some pebbles............-.-----.- 3 
The lower bed of No. 1 (station 6032) contains fossils characteristic of 
the lower part of the Gatun formation. 


Generalized section of the bluffs exposed along the Panama Railroad, relocated line, about 
3,600 feet south of Gatun railroad station. 


Miocene (Gatun formation): Feet thick. 
4, Fine-grained, buff clays (fuller’s earth) with mag- 
Mes AM LOOKING IS POLS eae seeks > claie Naren, a Slate 25 
6033d-3. Fine-grained, soft, yellow sandstones.......-.--.-- 70 
2. Buff, fine-grained, rather hard clay..............-- 25 
1. 6033c ~c. Dark-colored, marly, fossiliferous clay.... 15-20 
6033015: sYellowish clay: 34. se oe cc/cieesjaerere 4 
6933a 


6003 ba, Layer of dark, fossiliferous clay, exposed. 28 


Section from top of hill at west end of Gatun dam to bottom of the spillway. 


Pliocene (Toro limestone): Feet thick. 
6034-3. Top of hill, limestone. A rather soft coquina lime- 
stone composed of comminuted or broken tests of a 


number of kinds of organisms ...............-.--- 70 
Unconformity. 
Miocene (Gatun formation): 
2; Sandstone; surface oxidized browm. -. 20-222 -4.-)-2~ = --- 120 
WD ark=colored wmar ease Aaya eyee eperale a ertr stage alte aisle 35 


Section at west end of the spillway. 


2. Yellowish or brownish, sandy clay; soil red.......- 20 
5659 \ Dark-colored Gatun marl, with Amusium, Clementia, 
5900 SLC UNMET ROME ON RIES IRIS RAEI LC LLAL KIO eae 16 
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Exposures in the vicinity of Mindi Hill. 


Miocene (Gatun formation): Feet thiok. 

Gray-green, fine-grained, sandy shell marl is exposed from 
about 50 feet above sea level to 41 feet below; exposed thick- 
ness about 90 feet. The material occurs in beds 2 to 6 feet 
thick and is similar to that at the spillway. A number of 
fossils were collected from the exposures near the bottom 
ofithe can aleGOS5 22) Te ek NS EE i ec nea I 
Near the railroad is an extensive Pleistocene shell bed 
from 6 to about 10 feet above sea level. Along the 
canal the Gatun formation is overlain by lignitic or 

peaty swamp deposits with occasional oysters. 


Monkey Hill, Mount Hope station. 


Miocene (Gatun formation): 

6036. About one-sixth of a mile south of the station on the 
west side of the railroad is an exposure of dark-colored, 
fine-grained, sandy clay marl.......-...-.....--.--- 20 

North of Mount Hope Station, along the east side of the railroad 
on the north side of the cemetery, is the following exposure: 
Miocene (Gatun formation): 

2. Clay, light-gray, stiff, slightly sandy, with white particles 
of softer material, like the clay that overlies the marl 
near Camp Cotton on the relocated Panama Railroad. 

1. Dark-colored, fine, sandy, clay marl, the same as that ex- 
posed at the locality immediately preceding. 

Pleistocene reef-flat corals and other fossils occur 4 or 5 feet 

above sea level in a swamp north and east of Mount Hope 
and very near to the Colon road, 5850, 6038. 


Section of bluff at end of Toro Point. 


Pliocene (Toro limestone): 

Bedded coquina containing great numbers of barnacle plates, 
comminuted shells, and a large Scala (Hpitonium toroénse 
Dall), forms a bluff 45 to 50 feet high. It is dark to light- 
gray in color, cross-bedded, and contains some lenses of 
coarse, basic beach sand. The beds dip about 5° northward. 
At the base of the bluff there is a fringe of coral-reef rock 
which has been slightly elevated. This material has been 
built around large masses of the Toro Point rock that have 
fallen from the bluff, so that they are now inclosed in a 
matrix of coral-reef rock which has been elevated perhaps 
6 to 10 feet above the level at which it was originally formed. 
This marginal coral flat is from 200 feet to a quarter of a 
mile wide. Extensive fiat swamps filled with mud and 
broken coral fragments fringe some of the higher land at 
Toro Point. These are up to half a mile or more wide and 
are about a foot, more or less, above high-tide level. 

The coquina rock forming the bluff at Toro Point seems to be 
about the same as the coquina rock forming the top of the 
hill at the west end of Gatun Dam, except that the latter is 
light gray to creamy-white in color and is a purer limestone. 
This formation clearly overlies the Gatun formation and is 

e 
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Pliocene—Continued. 

continuous westward into Costa Rica, except near the 
mouths of largé river valleys where it has been removed or 
covered with alluvium. This coquina formation is clearly 
older than the marine Pleistocene (58560), occupying a level 
slightly above that of the sea, in the vicinity of Mindi, 
Mount Hope, and around the margins of Limon Bay. 
From the general stratigraphic relations of this rock I am 
inclined to consider it not younger than Pliocene. 


Section one-third of a mile south of the southern end of Toro 


Point Breakwater, in quarry. 
Feet thick. 


6037. Gray coquina rock mixed with local layers and lenses 
OijSa Wl Gee ee eiersiars rai clarwis! ol alsta tet lnnniatersratavere ee peratertetgete 35, to 40 
Barnacle plates, echinoid spines, fragments of oyster shells, 
and a large Scala (Epitonium toroénse Dall) are abundant. 
Specimens of the last named form were the only perfect 
fossils found. 
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SHOWING LOCATION OF STATIONS AT WHICH FOSSILS WERE COLLECTED 


From map issued by the Isthmian Canal Commission 
June 30, 1908 
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THE BIOLOGIC CHARACTER AND GEOLOGIC CORRELA- 
TION OF THE SEDIMENTARY FORMATIONS OF PANAMA 
IN THEIR RELATION TO THE GEOLOGIC HISTORY OF 
CENTRAL AMERICA AND THE WEST INDIES. 


By THomas WAYLAND VAUGHAN, 
Custodian of Madreporaria, United States National Museum, and Geologist in charge 
of Coasial Plain Investigations, United Siates Geological Survey. 


INTRODUCTION. 


The following paper presents: (1) biologic summaries for each of 
the formations for which paleontologic data are available, with 
brief discussions of the geologic age; (2) geologic correlation of the 
formations and the distribution of their age-equivalents in Central 
_ America, the West Indies, and the southeastern United States; (3) 
an outline of the paleogeography of middle America. A tabular 
statement of the age relations of the formations is given by Doctor 
MacDonald in the preceding paper of this volume, page 528. 

The biologic summaries are based on the paleontologic memoirs in 
this. volume, by Messrs. Howe, Berry, Cushman, Jackson, Canu and 
Bassler, and Pilsbry, Miss Rathbun, and myself.. Dr. C. W. Cooke 
has furnished me notes on a few of the fossil Mollusca, and I have 
incorporated in my lists the molluscan species recorded by Messrs. 
A. P. Brown and H. A. Pilsbry. I deeply regret that not even a 
preliminary list of the mollusks that Doctor MacDonald and I col- 
lected is available. Although I believe such a list would not modify 
the opinions here expressed, it is needed as a supplement to the other 
biologic records, particularly in order to supply a basis for the corre- 
lation of deposits in which mollusks are the only abundant organisms. 
I trust this serious omission may be remedied before a great while. 

Needless to say all of the paleontologists who have studied the 
fossils submitted to them have cooperated in trying to solve the 
problems of local and regional geologic correlation, and I wish to 
record my grateful appreciation of their efforts. I wish also to thank 
my iriend, Dr. T. W. Stanton, of the United States Geological Survey, 
for much advice and kindly criticism. 


BIOLOGIC CHARACTER OF THE SEDIMENTARY FORMATIONS IN 
PANAMA. 


EOCENE. 
The only geologic formation of Eocene age definitely recognized 
in Panama is exposed near Tonosi, Los Santos Province. At station 
547 
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No. 6586c, near the mouth of Tonosi River, Doctor MacDonald col- 
lected a species of Venericardia, on which Dr. C. W. Cooke makes the 
following note: ‘‘A species of Venericardia from this locality is 
scarcely distinguishable from a specimen labeled Venericardia plani- 
costa var. horni from Caliborne, Alabama, but it does not closely 
resemble specimens that I have seen from the Eocene of California, 
Washington, and Oregon.’”’ According to Doctor MacDonald's de- 
scription of the section, this species of Venericardia occurs 690 feet 
be!ow the bed in which Lepidocyclina panamensis Cushman and L. 
duplicata Cushman were collected. I believe that the latter bed 
is the correlative of the lower part of the Culebra formation, as will 
later be shown. Just below the Oligocene limestone in which occur 
the two species of Foraminifera mentioned are 650 feet of grayish, 
well-beddea, rather fine-grained sandstone; this is underlain by 
dark-gray, argitlaceous, fossiliferous sandstone and shale, the latter 
underlain by dark-gray, argillaceous sandstone, in which the speci- 
mens of Venericardia were collected. 

Doctor MacDonald collected the plant Diospyros macdonaldi Berry 
at station 6586), in grayish, argillaceous sandstone with some darker 
shale beds, which immediately underlies the material in which the 
species of Venericardia occurs. 

Dr. R. T. Jackson identifies as Schizaster armiger W. B. Clark, an 
echinoid collected by Mr. R. T. Hill at Bonilla, Costa Rica. The type 
of this species was obtained in a deposit of Jackson Kocene age at 
Cocoa post office, Choctaw County, Alabama. It should be noted 
that Mr. Hill says: ‘‘They [the rocks exposed] at Bonilla Cliff [Costa 
Rica] are upper Oligocene, like the Monkey Hill beds.”! The deter- 
mination of the Eocene age of this exposure is not positive. 

On page 197 of this volume, in my paper on the fossil corals, I 
gave reasons for referring the typical part of the Brito formation of 
Nicaragua, that part exposcd near Brito, to the upper Eocene, and 
correlated that part of the formation with the St. Bartholomew lime- 
stone of the Island of St. Bartholomew and the Jacksonian upper 
Eocene of the southeastern United States. The data and opinions 
referred to need not be repeated. The presence in northern Colombia 
of limestone containing small stellate Orthophragmina, indicating a 
probable upper Eocene, was also noted on page 197. 

No fossil organisms were found in the Las Cascadas agglomerate 
or the Bas Obispo formation. As they both underlie the Bohio con- 
glomerate, which is of Oligocene, probably lower Oligocene age, they 
are almost certainly of pre-Oligocene age. Although at present 
information is not available for precisely determining their age, it 
appears highly probable that they belong to the Eocene. However, 


1 Hill, R. T., The geological history of the Isthmus of Panama and portions of Costa Rica: Mus. Comp. 
Zool. Bull., vol. 28, p. 232, 1898. 
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Upper Cretaceous is not improbable as the age of the Bas Obispo 
- formation. 
OLIGOCENE. 


BOHIO CONGLOMERATE. 


This is the oldest formation in which fossil organisms were found 
within the Canal Zone. The fossil plant, Taeniorylon multiradiatum 
Felix, collected in a railroad cut on Bohio Ridge, is said by Doctor 
MacDonald to come from the Bohio conglomerate. Should the spec- 
mens really come from the Bohio conglomerate, it is probable that 
that formation is of Oligocene age. Taenioxylon multiradiatum, 
_ according to Professor Berry, is also found in the Culebra and Cucu- 
racha formations, both of which are of Oligocene age, should the 
Aquitanian be considered uppermost Oligocene instead of basal 
Miocene. 

LIMESTONE ON HAUT CHAGRES. 


H. Douvillé has published the following interesting note: ‘‘Un 
autre échantillon du Haut Chagres est representées par un calcaire 
plus compacte prenant bien le poli; il renforme également de petites 
Nummulites et de grandes Lépidocyclines voisines de L. chapert, 
mais en outre, de petites Orbitoides qui sont des Orthophragmina 
étoilées (Asterodiscus). C’est la méme association que celle que 
nous avons signalée 4 la base du stampien [= Lattorfian], dans ile 
de la Trinité... Nous avons ainsi dans le Haut Chagres un niveau 
stampien inférieur.”’ * 

This corresponds to a horizon within the Vicksburg group. It is 
probable that the rocks underlying part of the area around Alahajuela 
mapped by Doctor MacDonald as Emperador limestone are really of 
this age. 

LIMESTONE AT DAVID. 

A similar forminiferal fauna occurs in the river bed, just above 
the ice plant in David, station 6512; at station 6526, which, accord- 
ing to Doctor MacDonald’s section, is on the bed immediately next 
below the one exposed at station 6512; and at station 6523, 2 miles 
north of David. The following are the species reported by Doctor 


Cushman: 
LARGER FORAMINIFERA FROM DAVID. 


Station | Station | Station 

feet 6512. | 6526. | 652 

Nummulites davidensis Cushman.............-.--2---------2-0-- BE ICES x AUN ae ea heat 
Lepidocyclina macdonaldi Cushman................-222-2- 202 e eee e eee eee ee ie Weoseacaabe x 
duplicata,) Cushmanty sae races cece cece ce ne eee SE ees Vee x 

manamensts, Cushman ecmecscnecsinciscicciececicceeee cence Si) NSaoocaddad sasouauKRS 

BI DAS Sse deeeosna Gass osabK bbs cose neb Gece noo be Caos RUSE anaabone sabeouaoen SCI aes 

Orthophragmina minima CushMan..............0.220200 ecco eee eee ence eee PS) i laacaeocosdlanodscocsa 

(Alsterodiscus)Sposarsre cone eee eee eee nee eee eee > ATR SOO BR Baro ME RGHCBAae 


1Soc. géolog. France, Compies rend. séance No. 16, 1915, p. 130, 1916. 
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Taeniozylon multiradiratum Felix was obtained at station 6523: 

The limestone exposed at these three stations, which are all near 
one another, clearly belongs to one formation, and it seems to me 
- to be of lower Oligocene (Lattorfian) age. Howover, Doctor Cush- 
man because of the presence of Orthophragmina minima inclines to 
the opimion that it is of upper Eocene age. 

Lepidocyclina duplicata was collected in association with L. pana- 
mensis at station 6586e, near Tonosi, in a bed I am considering of 
middle Oligocene (ination) age (see p. 555). 


CULEBRA FORMATION. 


The principal localities at which collections were made from the 
Culebra formation were along the Canal from Miraflores locks to 
Las Cascadas. The local sections are described in Doctor Mac- 
Donald’s article, pages 533 to 541 of this volume, and the position of 
each is indicated on plate 154. The United States National Museum 
station record numbers are 6009 to 6020c, as given at the column 
‘heads in the following table. Stations Nos. 6024a, 6025, 6026, are 
-on the Panama Railroad, relocated line, and are platted on the map 
(pl. 154). Station No. 6837, on shales in the lower part of the Culebra 
formation, one-quarter of a mile south of Empire bridge, is not platted 
on the map. 

The names of the specifically determined Mallasen from station No. 
6019a-d, bed not identified, are taken from Brown. and Pilsbry.1 
The spectcaane “GD OME. 65 and 85 feet below the ‘‘Pecten bed,” 
which is the basal bed of the Emperador limestone. There are five 
of these species, only one of which, Turritella altilira Conrad, has been 

also reported from the Gatun formation. The generic names of the 
other Mollusca are mostly taken from my field notes. Doctor Mac- 
Donald and I obtained in the Culebra formation within Gaillard Cut, 
stations 6019a—f and 6020a-c, specimens representing about 70 genera 
of mollusks, but the species have not been identified. 

Onin pugnax (Heilprin), collected by Doctor MacDonald at 
station 5901, 2 milessouth of Monte Lirio, formerly known as Mitchell- 
ville, was idenuined by Dr. C. W. Cooke. This is the same locality as 
station No. 6026, on the Panama Railroad, relocated line. Litho- 
thamnium vaughani, Nummulites panamensis ?, Lepidocyclina caneller, 
and three species of corals were also collected at this locality. 


1 Brown, A. P., and Pilsbry, H.A., Fauna of the Gatun formation, Isthmus of Pan ama—II, Acad. 
Nat. Sci. Phila. Proc. for 1912, pp. 502, 503, 1912. 
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The identification of deposits within the Canal Zone as belonging 
to the Culebra formation needs brief discussion. The type sections 
are in Gaillard Cut, particularly at station 6020a to 6019F (see p. 538 of — 
Doctor MacDonald’s paper), and beds Nos. 1-5, inclusive, of the 
section on the west side of the cut between Empire and Culebra. 
The collections from 6020c¢ to 6019f are typical of the upper part of 
the formation; those from 6012a typify its lower part, while those 
from 6012c and 6012d represent its upper part (p. 536 of Doctor Mac- 
Donald’s paper). He refers the beds that were exposed at stations 
6009 and 6010 to the lower part of the Culebra, and those at stations 
6011 to the upper part. In Gaillard Cut Lepidocyclina chaperi occurs 
at station 6019f, and L. canellet at station 6019a; in other words 
both of these species occur in the upper part of the Culebra formation, 
the latter below the former. Heterosteginoides panamemsis occurs at 
station 6011 in the upper part of the Culebra formation and apparently 
it was also obtained at stations 6015 and 6016 in the overlying Em- 
perador limestone. As at station 6024a, on Rio Agua Salud, immedi- 
ately beneath a coralliferous bed representing the Emperador lime- 
stone, Heterostigenoides panamensis and Nummulites panamensis 
were collected, both the stratigraphic relations and the fossils support 
the reference of the lower bed to the upper part of the Culebra forma- 
tion. At Bohio switch, station 6025, Lepidocychina chaperr and 
Nummulhites panamensis were found in association. This bed also 
may be referred to the upper part of the Culebra formation. At 
station 6026, about 2 miles south of Monte Lirio, Lemdocychina caneller 
and a species of Nummulites, apparently N. panamensis, were found 
associated with fossil corals closely related to the fauna of the Em- 
perador limestone on one hand, and to that of the Antigua formation 
of Antigua on the other; and Orthaulax pugnax was collected there. 
The correlation of this exposure with the Culebra formation, probably 
about its middle part, seems as certain as it is possible to be in such 
matters. The principal locality for Lepidocyclina caneller was near 
the old town of Bohio, station 6027, now under water. It was here 
that Hill obtained his specimens of ‘‘Orbitoides forbesi,” which are L. 
caneller, and it is probable that the type of the species came from the 
same place. The deposit here so rich in this species of Foraminifera 
is referred to the Culebra formation, as are also the beds in which it 
was obtained at Bailamonas and south of the switch at Mamei. 


DEPOSITS OF THE AGE OF THE CULEBRA FORMATION NEAR TONOSI. 


The only organisms of those collected by Doctor MacDonald in this 
area that have been studied are the Foraminifera and the corals. 
The following is a table of the larger Foraminifera: 
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LARGER FORAMINIFERA FROM NEAR TONOSI. 


Station | Station 


Name. 6586e 6587 Other stations. 
Lepidocyclina panamensis Cushman...........-....--- x SK 6010?, 6012a?, 6012c?, 6512. 
duplicataiCushmantee eee see ee eee eens ee Bane 6523. 


Stations 6010, 6012a, and 6012c are along the Canal (see pl. 154), on 
the Culebra formation; station 6512 is the river bed in David and 
station 6523 is 2 miles north of David, on a limestone probably of 
lower Oligocene age. It therefore seems that L. duplicata is of 
both lower and middle Oligocene age, while Z. panamensis occurs in 
lower, middle, and upper Oligocene deposits. 

The following is a list of the corals collected by Doctor MacDonald 


near Tonosti: 
FOSSIL CORALS FROM STATION 6587, TONOSI. 


Name. Distribution. 
Astrocoenia guantanimensis Veuetay PEP AACE ep) LENS ESR IES LES A MUAY ae Ah RAR Antigua; Cuba. 
JOG TOCHCESOIOM EID: ENO ea Oe aig a's eee ry Or ta Ce ed aaa suodauceaoboduadas Antigua. 
Muewdra antiquensis nV: Pay hed seh aah es IO) 0 I Se ew I a aa eA i aaeue 
PALOCROSETISINIVELNZENENATLOMAN a sao eis cisieien cine siseeiceucieinuteaieecicines Ei aa RaIe Cuba. 
Diploasirea crassolamellata) (Duncan) see uae aces Antigua; Cuba; ete. 


The species after which Cuba is given in the column for distribution 
were collected by Mr. O. E. Meinzer near Guantanamo. These corals, 
which clearly belong to the coral fauna found in the Antigua formation 
of Antigua, supply additional evidence for correlating the foramini- 
feral limnesiamnes exposed at stations 6586e and 6587 with the lower 
part of the Culebra formation. By referring to my account of the 
successive coral faunas of the West Indies and Central America, pages 
193 to 226 of this volume, it will be seen that, although I refer the coral 
fauna of the upper part of the Culebra formaticn to the upper Oligo- 
cene (=Aquitanian of European terminology), I consider that fauna 
as intermediate between the fauna of the Emperador limestone and 
Anguilla formation and that of the Antigua formation, because it 
contains a number of species in common with the latter formation. 
The coral fauna represented at Tonosi is, in my opinicn, of middle 
Oligocene age, and belongs stratigraphically just below that found in 
the upper part of the Culebra formation. 


CUCURACHA FORMATION 


The only fossils as yet identified from the Cucuracha formation 
are two species of plants, Palmoxylon palmacites (Sprengel) Stenzel 
and Taeniorylon multiradiatum Felix, from station No. 6845, which 
is on the green clays of Gaillard Cut, near the lava flow. The first of 
these species was obtained only in the Cucuracha formation; but 
the second occurs in the Bohio conglomerate and the Culebra for- 
mation. 
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The type locality of this formation is in Empire village, and sta- 
tions 6015 and 6016 are on it. As the two localities are very near 
together, with little or no lithologic or faunal difference, the fossils 
from the two localities are listed as from one in the following table. 
The position of the locality is shown on the map (pl. 154). Station 
6017 is on the highway between Empire and Las Cascadas, about 
one mile from Las Cascadas. Nos. 6021 and 6673 are for the same 
locality, which is just north of Caimito switch, Panama Railroad, 
relocated line; station No. 60246 is on the same railroad, at the 
lower end of the culvert over Rio Agua Salud. Station No. 6255 
is on the wagon road about one-half mile south of Miraflores; and 
station No. 6256 is Bald Hill, 13 miles south of Miraflores (see p. 534 
for Doctor MacDonald’s description of the exposure). 

The fossil plant, Taeniorylon multiradiatum Felix, was obtained 
at station 6523, which is about 2 miles north of David, where 
Lepidocychina macdonaldi Cushman and L. duplicata Cushman were 
also collected. It is my belief that this specimen did not come from 
the Emperador limestone; for it is my opinion that the horizon is 
stratigraphically below the Culebra formation. 

The specific names of the Mollusca and that of the echinoid, 
Schizaster scherzeri Gabb, from station No. 60199 are taken from 
the paper by Brown and Pilsbry already cited.1 Doctor MacDonald 
and I obtained from the same bed species representing 32 genera 
of Mollusca, but they have not been identified. 

Regarding the larger Foraminifera from stations 6015 and 6016, 
Dr. J. A. Cushman says: “‘The material from No. 6015 contains an 
orbitoid species, but the sections cut did not clearly reveal the 
internal structure. It has a papillate surface, and resembles Lepi-- 
docyclina macdonald, and L. panamensis, but does not seem to be: 
identical with either. Some of its characters, especially in its nearly 
diamond shaped chambers, it resembles L. vaughani, but the speci- 
mens of the latter are larger and they are not papillate. Although 
this appears to be a new species, I do not care to give a name to it 
without knowing its internal structure in greater detail, and suggest 
that it be listed as Lepidocyclina species. 

“The material from No. 6016 apparently contains no orbitoids, 
but it contains Amphistegina, which superficially might be mistaken 
for an orbitoid.” 

Heterosteginoides sp., apparently H. panamensis, occurs at stations. 
Nos. 6015 and 6016. 

Lepidocyclina vaughani Cushman was obtained at two localities, 
stations Nos. 6021 and 6255. 


1 Acad. Nat. Sci. Phila. Proc. for 1912, p. 503. 
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The echinoid, Clypeaster gatuni Jackson, is worth a special note. 
The holotype is from the Gatun formation, station 5662, but two 
specimens were also collected at station 6237, in limestone referred 
by Doctor MacDonald to the Emperador limestone, in a swamp 
north of Ancon Hill and about 4 miles south of Diablo Ridge. This 
species extended from the Atlantic to the Pacific side of the Isthmus. 

Doctor MacDonald and I obtained at station No. 60199 two poor 
crushed specimens of a gastropod that belongs to the genus Orthaulaz. 

A few remarks should be made on the reference of the limestone 
exposed at station 6021 near the old Caimito switch, to Emperador 
limestone. Only two identifiable species, Lithothammium isthmi 
and Lepidocyclina vaughani, were obtained at this place, but both 
were found elsewhere in the Emperador limestone. Lithothammium 
isthmi was also collected on Rio Agua Salud, station 60246, in 
association with a coral fauna very nearly the same as that at the 
type locality of the formation; and Lepidocychina vaughani was 
obtained in the Emperador limestone near Miraflores. 


FOSSILS FROM THE EMPERADOR LIMESTONE, 
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6015, | 6021, 
6016 6017 rel 6673 6024b | 6255 | 6256 
PLANTAE. 
Lithothammium isthmi M.A. Howe ........-.-.-.------ecece[ececenoececc[eeeeee x Ce eseaeysteral| nec atara 
FORAMINIFERA. 
Polystomelia maceila (Fichtel and Moll)............-.-...--- Sal nGuencloosecdisneseaa aoeosd lode ducllaocede 
Amphistegina lessonii d’Orbigny ............-----2-2-ee-2 ee SCPC? AE i LED HE aR Ns 
EDICOCYCLINGAS Dera e eee eee eee eee iene: seen DG ARE al eee ee |caucda scaconlaoesoa seabed 
SP yeiwicciccivielnie Wenistaletstelcis cia cisisicte cleieicieisicivistele eteiete|leincietels|lieieyaiai=ie 4. Ilogoaeallosucodloseuod|éoq065 
CLM LAH OW 1 1 NS oko ouanerocanbocEaabaneood |aooeud |looocod laceded PS Mlateade Mh Gaodad 
Heterosteginoides sp., euparenly, H.panamensis Cushman....| X |...-.-|------|------|e-----|- 2222 e fee ee ee 
Quinqueloculina undosa Karrer............--.-222eceeeeeeeee SSP HES HY eS a Rs RO Sr 
MADREPORARIA. 
Stylophora itmperatoris Vaughan ...........-.--------0--2--e- x 
Panamensispviaughanleemescecncecccicciocere cece x 
Goeth alsisViaug hams some mer cecinc creiecleieinsicleisiciciesievels x 
MACGONALAt AUS DAMe sees et eencecicceteccccceciceis x 
CONALISIVAUIE DATES rence Miateinesiceieiasinicicisicicieieis x 
Pocillopora arnoldi Vaughan..... bdadabooraoeHosas Xx | 
Astrocoenia porioricensis Vaughan.......---..--0- eee e eee ee elec ceelee eee lee eeslseeeee Nie loBoanalogcace 
Orbicella imperatoris Vaughan............-.---------eee eee < YE Gooosol Spabodl dacceuloosoae x 
COnalisaVauchantemerescceccemensceiseccccs selciccals SM icoooudlaobopsloodcea Neoscstlloooasallgosoad 
Stylangia panamensis Vaughan. .........-.----+-+2----eee-- SOE ae Slee ehapllaaasodicoudoclooouoe 
Goniastreaicanalisi Vian ghana se elas cet slaelemoecieciesiee's Ue Haa Baosusllacooda [eceeee|eeeece|eceeee 
Pavona panamensis Vaughan ......--.---.----20--eec cece SSC | aE | Poste eictel siete laeebodlosonsg|ldasbod 
Acropora panamensis Vaughan... ........2.-2c02-e 2 eee see ee e|e ne ee ele cree c[e cece e feces ees SC ee 
SCLUCETIStS IV GUILE NAM aa eine sate ares oalstelctetereiejelsinistelste SHA ae pied Ce aS | DCTs VAS ee 
Astreopora goethalsi Vaughan. .-........-.--------eeeeeeee-- Sith [HES I RN OB Ais res | Seperate eerste 
Goniopora hilli Vaughan.........--------2e2eee eee ee eee eee SU ebcolucaasallbeasoa|ldaoseoosenudllaaso46 
panamensis Vaughan. .........-----.---+----+--- KM [eticcce|esesce|eceee cle cece s|--eeeclece cee 
LIM DENALONIS I NAULNAM Neos ss clecicie ccisseieieisie siem(erialsi= <0 .de eo odlesooasllbocooe |eceeee|eeeeee|eeeeee 
CONALISHViATISH AMG esa aes se isieinersmalseteiis flelelaieietete SE Baa oluGaunelsaaoge lSeaooolloaooadooooas 
(12GB VENTER ea son aoboogubodaSsoedocodudosoon SC te aetolaasedalsdesadioocbodlcoous 
Porites douvillei Vaughan. .........2--2-.2---2-2--e0--- eee >< ulBagoad lpdoocslsdosediasasedilosdbad||oGaccs 
LOULE AVAIL S DAM oso a iaeialaicinie oeisicls slein\elela(s\eleisi=efialelnie S| Beouaalbasocediooacad |sGocodlaoso08 bdacc0 
panamensis Vaughan.........-..22--- eee nee e ee eee SC dloosacsloodacc|lbospcolacduoclloadcan 
anguillensis Vaughan ...........-0.2-2----- 22 eee eee Sede kbeoladaacd| loaGaue Gao86d aoudoolloaboos 
(Synaraea) howei Vaughan... ....-......-2--.2----0---+- Se Goacualoeseon|seoooc |e ---celee- sees roses 
macdonaldi Vaughan ............-----+-- $20) [A a es OA Sas olldaacanliGostod 
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5866b, 
6015 6021 
6016 6017 6197, 6672 6024b| 6255 | 6256 
ECHINOIDEA. 
Clypeaster lanceolatus Cotteau......... Da Laverne melaeieteeye ciate sete el eeieiticts | siete: » hu Aeneas soseael otocd loadsa 
GRUTHOG UEOSONEU Aen pEnEboSUGsUnoosooos aooceSouao |adaconlboodbalboos Bn Seas BAe SuGodbconce 
Echinolampas semiorbis GUPPY.......-++0eeeeccceceee nee ees|oceece [eee eee Pai cea eeaoeloeooad jooo5KG 
ISchizastemschenceniGanDu ee eresaeee cocoate BARR EHay ocnosoloBeoed FP Gtalisenasploooans Ioiateisiehall spores 
BRYOZOA. 
Holoporella albirostris (Smitt).............-------e--- eee eee > al Insect |socaod a oeteinia|fe sistance | eee 
Ogivalina muiabilis Canu and Bassler ...........---.-------- SKE re ae PE Se I, Hoe a teeters 
MOLLUSCA. 
Murez (Phyllonotus) gatunensis Brown and Pilsbry.........|-.----|------ Da ea ee So boae 
Dyinrnilehe Sous. as eadgocodassaooauaeseqodoouo abou SHObedosd|sacodallacnane 26) llodeasclloadece loocacdloscoos 
Pyrula micronemalica Brown and Pilsbry..........---------/------|------ SOI a ea Ubal ewan sen eS Ss 
INTOUS Das soooo soodo nad ooobbaeBoodd soosbaseaaacodoadunHe dood Scucoollaboons > Gh AE Beuot abacicallooooc= 
Ostrea gatunensis Brown and Pilsbry.-...........--.--.-----|------|------ DCihy Wee seal eae ec ey bette 
Pecien & equipecten) orygonum canalis Brown and Pilsbry..|...--..|------ Ki lsaeees |S Hoes eee 
UU RINNE ANN at UL Eg Sto CN eo eet cae cet aera tere ier eerie (Saas mee Sobek So Sech lace 
Miniein SOB TOW MAT dpetls bryce meteor eine eeeiialeoecies cei Dn SSAA seaisnevanoa da sacdac 
SS ee i eRe Dnt edo Bet ester sbSabode maHagoaaod locacualocasac Cau eect Isc iaes Ups eA eH Pea oe 
__- Sscadascoagonscoses Suebd ododosoobesaSdadauommoaeEnes ot iISooado ceboodlocgdosclocedoe Wey a sat 
Tellina vetula Brown and Pilsbry.............-.--.-------- [eee ee ele cee SQ SRR Teas) Saha | ee 
SCG Cid ono IDEN eee Roe ee heat Gubcdcuoeubousdooudlodeoualousene SCE aus (Oa ee a 
Chione Ciinophora)ulocy na Dalle eee ee ee eee eieretatsiaie elesal elctoieiese! laeietecsio pe HA Sen olsabopollsocauc 
Dosinia delicatissima Brown and ‘Pilsbry..............------|------|------ > Ga BAe ase GoaleneoaalooosKG 
Crassatillites mediamericana Brown and Pilsbry............-|------|---+-- ban BE ea Iseinosaliganase |aoooKe 
KU DVUSNCTASSALUS) GAD Desenescerncineseisicciisieeciseciseicne cise ceo esiell aimee Dipl nina areal Se On oe 
CRUSTACEA. 
SGN RUANCOK Os BS accodeuasoodtoadcadooodoouasaquoquaaedaeKes BE aR ISera ses > Gall SSPISeH Een CpcHESaolloouooS 
GallianassaenwismRat baie see cree cee cet ete stette oleate |osteietciell sietetsists Sith [GsaeSe baouoal|sosocsllocoo so 
MUTSICNTLACCONALCI RVG IO Ie ae eter enateteteye rete etste tere peretell eieiateteialltsteievorele Salhia MAEO sal saeoaolaEcoad|4oocse 
Parthenope pana mensis Rav uma ss <iusey neste iclejelaierajsteicletaierailisie (ein =a) le(afalstere XM Meddadalloqgeosolisonocollaccoce 


CAIMITO FORMATION. 


No fossils were obtained in this formation at its type locality. 
Doctor MacDonald collected fossil plants at station No. 6840, about 
7 miles northeast of Bejuca, near Chame, Panama, in a yellowish. 
argillaceous sandstone that seems to overlap agglomerates and is 
believed to represent the Caimito formation. Professor Berry records 
the following species from this locality: 

Guatieria culebrensis Berry, also Culebra and Gatun formations. 

_ Hiraea oligocaenica Berry. 

Hicronymia lehmanni Berry. 

Schmidelra beyucensis Berry, also Culebra formation. 

As two of the four species also occur in the Culebra formation, it 
appears that the deposit in which they were obtained is in age near 


the Culebra formation. 
MIOCENE. 


GATUN FORMATION. 


The principal collections from the Gatun formation were made 
jointly by Doctor MacDonald and myself at stations Nos. 6029a-8, 
6030, 6033b-c, 6035, and 6036, the position of each of which is platted 
on the map (pl. 154), and the sections are described in Doctor Mac- 


& 
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Donald’s article, pages 542-544 of this volume. 


plants were collected in the Gatun borrow pits. 


same bed as 60330. 


Station No. 5659 is near Gatun. 


for three of the species of Crustacea are as follows: 
113706, U.S.N.M., near 


Gatuma proavta Rathbun, Cat. No. 
Gatun. 
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Four species of 


No. 6003 is for the 
The localities 


Callianassa hilli Rathbun, Cat. No. 135218, U.S.N.M., Gatun for- 


mation; nothing more definite. 


Mursilia ecristata Rathbun, Cat. No. 135219, U.S.N.M. Gatun 


formation; nothing more definite. 


FOSSILS, EXCEPT MOLLUSCA, FROM THE GATUN FORMATION. 


locks. 


6030. 


PLANTAE. 


Guatteria culebrensis Betry......-.-.-.------- 
Calyptranthes gatunensis Berry 
Rondeletia goldmani Berry 
Rubiacites iroreoides Berry 


en ecccsecceses| XK f[eccccee|sceeee 


ec cec eee er eee ee seee 


FORAMINIFERA. 


Textularia subagglutinans Cushman 
panamensis Cushman 
carinata d’Orbign 

Chrysalidina pulchella Cushman.......-.-.---|..-.---|.-.----]------ 

Bolivina punctata d’Orbigny 
aenariensis (Costa) 
FOOU SLIME BE RACY Hae ciselcineisisets cin ees isisiatce scleatallisemelele 
Bigenerina nodosaria d’ Orbigny 

Virgulina squamosa d@’Orhigny........-...---|..-----!e 2 eee eee e eee 

Nodosaria communis d’Orbign 

Cristellaria rotulata (Lamarck) 

vaughani Cushman 


See ees ees ee ees ee 


See eee ees bees ea 


TLAVICOWD OITANCOse meee asics ee sccica| Sa cisieiels| [soso etereicre y 


Uvigerina canariensis d’Orbigny......-.---.- a 
pygmaea d’Orbigny.....-.-.-.---- 
tenuistriata Reuss......-..-------- 

Globigerina bulloides @’ Orbigny 
dubia Egger 
sacculifera H. B. Brady 
aequilateralis H. B. Brady....... 
inflata d’Orbign 
conglobata H. B. Brady......-.... f 

Orbulina universa d’Orbign 

Pulvinulina menardii a’ Orbigny 

oblonga (Williamson) 
concentrica Parker and Jones 


cece cceleoocce 


ee ea secs cceceasl[soccese|se cee se|eceace 
were cer se eee ccescccccclescasce|sceseeclsoeece 
eo cescceacleosecos|seee sels eeere 
eee e esc ceccecscaslercesce|(socacecl|ecerce 


60335 
6003. 


’! 6033c.| 6035. | 6036. 


Polystomella A oe (Fichtel and 
oll) 

crispa (Linnaeus) 

Nonionina depressula (Walker and Jacobs)....]....--- 

scapha (Fichtel and Moll) 

Amphistegina lessonii d’Orbigny 

Siphonina reticulata (Czjzek) 

Quinqueloculina seminulum (Linnaeus) 

panamensis Cushman 

Sigmoilina tenuis Czjzek 

asperula ( Karrer) 

Triloculina bulbosa Cushman.............---+|.------|------- 

projecta Cushman 


See eee ee ed es ey 


Sees eee 


eco ec cece ccc sew c ce esc e ccc e ew eceseecas cece rae|aceressicencne[ececeriacccen 


2 Also 6029c. 
37149—19—Bull. 103——2 


Bees ee ie 


ees eed 


ees ee eee 
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FOSSILS, EXCEPT MOLLUSCA, FROM THE GATUN FORMATION—continued. 


Gatun : 
bor- | Gatun |60292.| 60295.| 6030. | °°82)| 6033c.| 6035. | 6036. 
row 6003. 
* locks. 
pits 
MOLLUSCA. 
(See next following list.) 
CRUSTACEA. 
Callianassa vaughanit Rathbun..........-.---|....---\e-e-e0- SCH eee Dae Eee an ESE SBE sroccalloosass 


crassa Rathbun.. 
hilli Rathbun..... 


SELACHI. 
Carchariassps(Star5899) eos sase seit siecle resell clearer cis aera eis Itaiarece el stearate re eee seer ee ee 
JECT Gly 155 UMD ac coonudooodabbodoubooousllassocaclledoaoss bin res Nantes al eal RR ae algocoeo 
Charcharodon cf. C. auriculatus..........----|.-.----|.-2--- x x > NE ans Merl uanoop Seo 


MOLLUSCA FROM THE GATUN FORMATION, ACCORDING TO BROWN AND PILSBRY.! 


The collections, mostly Mollusca, considered in the first paper by 
these authors, ‘“‘with the exception of a tooth of a shark and a few 
specimens of Oliva from Monkey Hill, all come from the excavations 
for the locks at Gatun. The Oliva taken at Monkey Hill is the same 
species found plentifully at the Gatun excavation. The specimens 
were collected from dumps and fills along the railway as well as from 
dumps in the vicinity of Gatun.”’ In their second paper, collections 
from other localities near Gatun and from two horizons at Tower N, 
Las Cascadas, are included. The following list contains all the 
mollusca referred to the Gatun formation by Pilsbry and Brown. 
The names of those preceded by an asterisk were not in the collections 
submitted to those authors, and I have added the note “‘ not at Gatun”’ 
after the names of those which were not collected at Gatun. The 
results of our field work and the subsequent paleontologic studies 
cause us to dissent from the stratigraphic interpretations of Messrs. 
Brown and Pilsbry, for they combine the Culebra formation, the 
Emperador limestone, and the Gatun formation into one formation. 
As the species described by Toula in his Eine jungteriére Fauna von 
Gatun am Panama-Kanal? are included in the papers by Brown and 
Pilsbry, more detailed reference to his article is not necessary here. 


1 Brown, Amos P., and Pilsbry, Henry A., Fauna of the Gatun formation, Isthmus of Panama: Acad. 
Nat. Sci. Phila. Proc. for 1911, pp. 336-373, pls. 22-29, April, 1911; Fauna of the Gatun formation—II, 
idem, for 1912, pp. 500-519, pls. 22-26. December, 1912. 

2K.K. Geol. Reichsanstalt Jahrb., vol. 58, pp. 673-760, pls. 25-28, Vienna, 1909. Toula in a second 
paper, Die jungtertiare Fauna von Gatun am Panama-kanal, K. K. Geolog. Reichsanstalt Jahrb., vol. 
61, pp. 487-530, pls. 30, 31, Vienna, 1911, published a supplement to his first paper issued in 1910, and the 
species described as new in this are not included in the papers by Brown and Pilsbry. This one of 
Toula’s papers escaped my attention until the present volume was in proof, and as it was then too late 
to consider the synonymy of the species described in it, remarks on it are confined to this note. 
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*Bullina chipolana Dall. 

Volvulella micratracta Brown and Pilsbry. 

Rigicula hypograpta Brown and Pilsbry. 

Terebra subsulcifera Brown and Pilsbry. 

gatunensis Toula. 

wol/gangi Toula. 

gausapata Brown and Pilsbry. 

Conus concavitectum Brown and Pilsbry. 

haytensis Sowerby. 
domingensis Sowerby (?). 
consobrinus Sowerby. 
granozonatus Guppy. 
aemulator Brown and Pilsbry. 
amitator Brown and Pilsbry. 
gaza Johnson and Pilsbry. 
molis Brown and Pilsbry. 

Pleurotoma albida Perry. 

*Pleurotoma gerirudis Toula. 

vaningent Brownand Pilsbry 

Drillia gatunensis Toula. 

isthmica Brown and Pilsbry. 
Jusinus Brown and Pilsbry. 
zooki Brown and Pilsbry. 
consors (Sowerby). 

enneacyma Brown and Pilsbry. 

Cythara heptagona (Gabb). 

Cancellaria dariena Toula. 
decaptyx Brown and Pilsbry. 

Mitra longa Gabb. 

dariensis Brown and Pilsbry 
sp. undet. 

Marginella gatunensis Brown and Pilsbry. 
leander Brown and Pilsbry. 
coniformis Sowerby. 

Oliva reticulata gatunensis Toula. 

Fasciolaria gorgasiana Brown and Pilsbry. 
sp. undet. 

*Glyptostyla panamensis Dall (not at Ga- 

tun). 

Solenosteira dalli Brown and Pilsbry. 

Phos gatunensis Toula. 

subsemicostatus Brown and Pilsbry. 
metuloides Dall. 

Metula gabbi Brown and Pilsbry. 

Nassa (Hima) pracambigue Brown and 

Pilsbry (not at Gatun). 

Anachis fugax Brown and Pilsbry. 

*Strombina mira Dall. 
lessepsiuna Brown and Pilsbry. 

Murex messorius Sowerby. 

polynematicus Brown and Pilsbry. 
(Phyllonotus) gatunensis Brown 
and Pilsbry. 
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Typhis alatus Sowerby. 
gabbi Brown and Pilsbry. 
Strombus gatunensis Toula. 
(?) sp. undet. 

Distorsio gatunensis Toula. 

Malea camura Guppy. 

Sconsia laevigata (Sowerby). 

Pyrula micronematica Brown and Pilsbry 

(not at Gatun). 
near papyratia Say. 

Cypraea henekent Sowerby var. 

Rattiwm nugatorium Brown and Pilsbry. 

scolti Brown and Pilsbry (not at 
Gatun). 
"urbonilla bartschiana Brown and Pilsbry. 

Turritella mimetes Crown and Pilsbry. 

gatunensis Conrad. 
aliilira Conrad. 

Petaloconchus domingensis Sowerby. 

Solariu-n granulatum gatunensis Toula. 

Natica guppyana Toula. 

bolus Brown and Pilsbry. 
canrena (Linnaeus). 

canalizonalis Brown and Pilsbry. 
(?) sp. undet. 

Polinices subclausa (Sowerby). 

*Lupia perovata Conrad (not at Gatun). 

Sigareius gatunensis Toula. 

(Eunaticina) gabbi Brown and 
Pilsbry. 

*Capulus (?) gatunensis Toula. 

Crepidula plana Say. 

Cheilea princetonia Brown and Pilsbry. 

Nucula(Acila) isthmica Brown and Pilsbry 

Leda balboae Brown and Pilsbry. 

Arca dariensis Brown and Pilsbry. 

dalli Brown and Pilsbry (not at 
Gatun). 

Glycymeris carbasina Brown and Pilsbry. 
canalis Brown and Pilsbry. 
acuticostata Sowerby. 

Pecten (Aiquipecten) effosus Brown and 

Pilsbry. 

gatunensis Toula. 

(Plagioctenium) operculariformis 
Toula. 

*Pecten levicostatus Toula. - 

(Euvola) reliquus Brown and 
Pilsbry. 

oxygonum canalis Brown and Pils- 
bry (not at Gatun). 

oxygonum optimum Brown and 
Pilsbry (occurrence at Gatun 
doubtful). 
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Pecten (Cyclopecten) oligolepis Brown and 
Pilsbry. 
*(Amusium) lyonti Gabb. 
toulae Brown and 
Pilsbry. 
sol Brown and Pils- 
bry (not at Gatun). 
luna Brown and 
Pilsbry. 
Spondylus scotti Brown and Pilsbry (not 
at Gatun). 
Ostrea gatunensis Brown and Pilsbry. 
Crassatellites reevet (Gabb) (occurrence at 
Gatun doubtful). 
mediaamericanus Brown and 
Pilsbry (not at Gatun). 
Cardium (Trachycardium) stiriatum Brown 
and Pilsbry. 
*dominicanum 
Dall. 
dominicense 
Gabb. 
durum Brown 
and Pilsbry. 
Cardium (Laevicardium) serratum Lin- 
naeus. 
*dallt Toula. 
*(Fragum) gatunense Dall. 
(?) newberryanum Gabb. 
*Tellina dariena Gabb. 
*gatunensis Bagg. 
*rowlandi Toula. 
*lepidota Dall. 
aequiterminata Brown and Pils- 
bry. 
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(Eurytellina) vetula Brown and Pilsbry 
(not at Gatun). 
sp. undet. 
sp. undet. 
*Semele sayi Toula. 
chipolana Dall (not at Gatun). 
Chione tegulum Brown and Pilsbry. 
sp. undet. 
(Inrophora) ulocyma Dall. 
« ulocyma holocyma 
Brown and Pilsbry. 
*mactropsis (Conrad). 
Pitar centangulata Brown and Pilsbry. 
cora Brown and Pilsbry. 
*hilla Dall. 
*circinata (Brown). 
* Macrocallista maculata (Linnaeus) (?). 
Dosinia delicatissima Brown and Pilsbry. 
*Callocardia (Agriopoma) gatunensis Dall. 
*gatunensis multijilosa Dall. 
Petricola millestriata Brown and Pilsbry. 
Clementia dariena (Conrad), 
Cyclinella gatunensis Dall. 
* Mactra dariensis Dall (not at Gatun). 
Thracia (Cyathodonta) gatunensis Toula. 
Corbula gatunensis Toula. 
sphenia Dall. 
sericea Dall. 
(Cuneocorbula) hexacyma Brown 
and Pilsbry. 
*qlabamiensis Lea. 
*gregoriot Cossmann. 
heterogenea Guppy (not at Gatun). 
*yiminea Guppy (not at Gatun). 
Teredo dendrolestes. Brown and Pilsbry. 
*Solecurtus gatunensis Toula. 
strigillatus (Linnaeus). 


Sixteen species included in the foregoing list have not been found 
at Gatun, and the occurrence there of two other species is doubtful. 
The number of identified species of mollusca from the formation, 
including two doubtfully determined, is 125. 

Subsequent to the publication of the papers by Brown and Pilsbry, 
. Cossmann! has described four additional species from Mindi out of 


materal belonging tothe Gatun formation. 


The species are as follows: 


Euchilodon moierei Cossmann; Conus lavillet Cossmann; Uszia mio- 
caenica Cossmann; Marginella mindiensis Cossmann. 


PLIOCENE. 


TORO LIMESTONE. 


At Toro Point, the type locality of this formation, station No. 6037, 
Doctor MacDonald and I collected the types of Epitonvum (Sthe- 


1 Cossmann, M., Etude comparative de fossiles miocdniques recueillis & la Martinique et & l’Isthme de 
Panama, Journ. Conchyl., vol. 61, pp. 1-64, pls. 1-5, 1913. 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 563 


norytis) toroénse Dall and of E. toroénses var. insigne Dall! In addition 
to these identifiable Mollusca, dissociated barnacle plates and com- 
minuted milluscan shell fragments are abundant. The probably 
equivalence of this deposit with the coquina rock, which contains 
many fragments of Pecten sp., on the top of the hill at the west end 
of Gatun dam, is discussed by Doctor MacDonald on page 544 of his 
article immediately preceding the present one. 


PLEISTOCENE. 


Although horizons in the marine Pleistocene deposits of America 
have not yet been discriminated on the basis of their contained fossils, 
it is my opinion that such discriminations will be made. As a con- 
tribution toward the biologic characterization of a Pleistocene 
deposit, the following list of fossils from the deposit in the swamp 
north and east of Mount Hope, stations Nos. 5850 and 6038, has been 
prepared. ‘Two papers on the fossil mollusca from this locality have 
been published. The first is by Dr. W. H. Dall, in his paper just 
referred to; the second is by Messrs. Brown and Pilsbry.?- The other 
lists are from the memoirs forming parts of this volume. 


FOSSILS FROM THE PLEISTOCENE OF THE CANAL ZONE. 


PLANTAE. HYDROZOA. 


Archaeolithothamnium episporum M. A. Millepora alecicorms Linnaeus. 


Howe. MOLLUSCA. 
a Tornatina canaliculata (Say). R.? 
Oculina diffusa Lamarck. Cylichnella bidentata (Orbigny.) 
varicosa Le Sueur. Atys sandersoni Dall. 

Eusmilia fastigiata (Pallas). Bullaria occidentalis (A. Adams). C. 
Astrangia (Phyllangia) americana Milne | Haminea canalis Dall. 

Edwards and Haime. Haminea antillarum (Orbigny). R. 
Cladocora arbuscula Le Sueur. Terebra spei Brown and Pilsbry. 


Solenastrea bournoni Milne Edwards and | Conus proteus Hwass. R. 
Drillia leucocyma Dall. 


Haime. 
Favia fragum (Esper). ostrearum Stearns. 
Maeandra areolata (Linnaeus). harfordiana (Reeve) var. colonen- 
Manicina gyrosa (Ellis and Solander). sis Brown and Pilsbry. R. 
Agaricia agaricites (Linnaeus). Clathurella jewettt Stearns. R. 
var. purpurea Le Sueur. | Cythara balteata (Reeve). 
pusilla Verrill. biconica (C. B. Adams). OC. 
Siderastrea radians (Pallas). Marinula colonia Dall. R. 
siderea (Ellis and Solander). Olivella myrmecoon Dall. C. 
Acropora muricata (Linnaeus.) Marginella cincta Kiener C. 
Porites furcata Lamarck. pallida (Linnaeus). R. 
astreoides Lamarck. minuta Pfeiffer. 


1 Dall, W. H., New species of fossil shells from Panama and Costa Rica, Smithsonian Misc. Coll., vol. 59, 


No. 2, pp. 6, 7, 1912. 
2 Brown, A. P., and Pilsbry, H. A., Two collections of Pleistocene fossils from the Isthmus of Panama, 
Acad. Nat. Sci. Phila. Proc. for 1913, pp. 493-500, 1913. 
8 The abundance or rarity of the species is indicated by the letters R. (rare) and C. (common). 
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FOSSILS FROM THE PLEISTOCENE OF THE CANAL ZONE—Ccontinued. 


MOLLUSCA—Ccontinued. 


Voluta alfaroi Dall. R. 
Fasciolaria species. R. Specimen too 
young to determine. 
Latirus cingulifera (Lamarck). R. 
Phos intricatus Dall. R. 
Eingina turbinella (Miener). R. 
Nassa vibex Say. 
Columbella mercatoria (Linnaeus). 
Anachis avara (Say). R. 
samanensis Dall. C. 
pulchella (Kiener). R. 
Aspella scalaroides (Blainville). R. 
Strombus bituberculatus Lamarck. 
pugilis Linnaeus. 
Trivia pediculus (Linnaeus). R. 
Murex rufus Lamarck. R. 
pomum Gmelin. 
nodatus Reeve. OC. 
Urosalpinz species. R. 
Eulima bifasciata (Orbigny). R. 
Cymatium vespaceum (Lamarck). R. 
tuberosum (Lamarck). R. 
Cerithiopsis species. R. 
Bittium varium Pteiffer. C. 
Cerithium literatum (Born). R. 
algicola C. B. Adams. C. 
medium Dall. R. 
variabile C. B. Adams. 
Cerithidea varicosa Sowerby. R. 
Modulus modulus (Linnaeus). C. 
catenulatus Philippi. R. 
Littorina angulifera Lamarck. R 
Vermetus nigricans Philippi (?). R. 
Alabina cerithoides Dall. 
Alaba tervaricosa Adams. R. 
Rissoina laevigata C. B. Adams _ var. 
browniana Orbigny. 
striatocostata Orbigny. R. 
cancellata Philippi. R. 
elegantissima Orbigny. R. 
Crepidula convera Say. C. 
plana Say. C. 
Calyptraea candeana Orbigny. C. 
Natica pusilla Say. R. 
Siguretus perspectivus Say. R. 
Phasianella pulchella C. B. Adams. C. 
Turbo crenulatus Gmelin. R. 
Astralium brevispina (Lamarck). R. 
tuberosum (Philippi) (?) 
Tequla fasciata (Born). 
Fissuridea alternata (Say). 
Subemarginula emarginata (Blainville). 
rollandw (Fischer). 


MOLLUSCA—Ccontinued. 
Acmaea punctata (Gmelin). 
Neritina viridis Lamarck. ©. 
Tonicia schrammi Shuttlworth. RK. 
Dentalium callithriz Dall. C. 
Cadulus vaughami Dall. C. 
Leda vulgaris, new species. C. 
acuta Conrad. R. 
Yoldia perprotracia Dall. C. 
Arca umbonata Lamarck. R. 
imbricata Brugiére. R. 
antiquaia Linnaeus. C. 
deshayesi Hanley. ©. 
campechiensis Dillwyn. R. 
adamsi Smith. 
occidentalis Philippi. R. 
reticulata Gmelin. R. 
Scapharca pitttert Dall. C. 
Byssoarca fusca Brugiére. C. . 
Melina ephippium (Linnaeus). C. 
Ostrea virginica Gmelin. C. 
Pecten ziczac (Linnaeus). C. 
exasperatus Sowerby. C. 
gibbus (Linnaeus). 
gibbus dislocatus Say. R. 
Mytilus exustus Lamarck. R. 
Chama sp. R. 
) On OF 
Crassinella guadalupensis (Orbigny). R. 
Diplodonta mediamericana Brown and 
Pilsbry. R. 
Diplodonta soror C. B. Adams. C, 
Codakia orbiculata (Montagu). R. 
antillarum Reeve. C. 
Lucina chrysostoma Philippi. C. 
Phacoides lintea (Conrad). R. 
near crenulatus (Conrad). R. 
antillarum Reeve. R. 
leucocyma Dall. R. 
pectinaius (Gmelin). C. 
Phacoides species 
Cuspidaria (Cardiomya) costellata Des- 
hayes. R. 
Cardium serratum Linnaeus. OC. 
medium Linnaeus. 
muricatum Linnaeus. C. 
Gafrarium (Gouldia) cerina (C. B. Adams). 
R. 
Pitar subarresta Dall. 
Chione cancellata (Linnaeus). C. 
Tellina (Hurytellina) alternata Say. C. 
(Cyclotellina) fausta Donovan. 
(Angulus) versicolor Cozzens. 
promera Dall. 
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FOSSILS FROM THE PLEISTOCENE OF THE CANAL ZONE—Continued. 


MOLLUSCA—Ccontinued. cruUSTACEA—continued. 
Abra aequalis (Say). R. Calappa flammea Rathbun. 
Corbula equivalvis Philippi. C. Leucosilia jurinei (Saussure). 

swiftiana C. B. Adams C. Leucostidae, genus and species indeter- 

minable. 
eater Arenaeus species. 
Macrobrachiwm ? species. Panopeus antepurpureus Rathbun. 
Nephrops costatus Rathbun. iridentatus Rathbun. 
species. Uca macrodactylus (Milne Edwards and 

Axius ? species. Lucas). ; 
Hepatus chilensis Milne Edwards. Parthenope pleistocenicus Rathbun. 


CORRELATION OF THE SEDIMENTARY FORMATIONS OF PANAMA. 


TERTIARY FORMATIONS OF THE SOUTHEASTERN UNITED STATES. 


A Table of the Tertiary geologic formations of the southeastern 
United States and their correlatives within that area, revised to the 
present date—October 15, 1917—is presented facing page 569. In 
1912 I published a summary of the stratigraphy of the Tertiary for- 
mations of the Gulf and south Atlantic Coastal Plain, incorporating 
all data available up to that time,’ and gave in the accompanying 
bibliography references to the principal literature. Since the sum- 
mary referred to was printed a number of papers containing addi- 
tional information have been published, and I have had the benefit 
of consulting the manuscripts of reports, to be mentioned later, not 
yet available in print. References to the later published and a few 
unpublished papers are as follows: 


Berry, E. W., The physical conditions and age indicated by the flora of the Alum Bluff formation, 
U.S. Geol. Survey Prof. Paper 98, pp. 41-59, pls. 7-10, 1916. 
The physical conditions indicated by the flora of the Calvert formation, Idem, pp. 61-73, pls. 11, 12, 


1916. 

The flora of the Citronelle formation, Idem, pp. 193-204, pls. 44-47, 1916. 

— The flora of the Catahoula sandstone, Idem, pp. 227-243, pls. 55-60, 1916. 

The lower Eocene floras of southeastern North America, U.S. Geol. Survey Prof. Paper 91, pp. 481, 
117 pls., 1916. 

BRANTLY, J. E., A report on the limestones and marls of the Coastal Plain of Georgia, Georgia Geol. Survey 
Bull. 21, pp. 300, 11 pis., 1916. c 

Cooke, C. W., The age of the Ocala limestone, U. S. Geol. Survey Prof. Paper 95 (I), pp. 107-117, 1915. 

The stratigraphic position and fauna! associates of the orbitcid Foraminifera of the genus Ortho- 

phragmina from Georgia and Florida, U. S. Geo!. Survey Prof. Paper 108 (G), pp. 1U9-113, 1917. 

Correlation of the deposits of Jackson and Vicksburg ages in Mississippi and Alabama, Washing- 

ton Acad. Sci. Journ., vol. 8, pp. 186-198. 

The Jackson formation and the Vicksburg group in Mississippi, Unpublished manuscript. 

and SHEARER, H. K., Deposits of Claiborne and Jackson age in Georgia, U. S. Geol. Survey Prof. 
Paper 120(E), pp. 41-81, pl. 7, figs. 7-9, 1918. 

CusuMaAN, J. A., Orbitoid Foraminifera of the genus Orthophragmina from Georgia and Florida, U. S. Geol. 
Survey Prof. Paper 108 (G), pp. 111-124 , pls. 40-44, 1917. 

Dai, W. H., On a brackish water Pliocens fauna of the southern Coasta! Plain, U. S. Nat. Mus. Proc., . 
vol. 46, pp. 225-227, 1913. 


' Vaughan, T.W., Earlier Tertiary (Eocene and Oligocene), Texas, Louisiana, and Arkansas, pp. 723-731; 
Sonth Atlantic and eastern Gulf Coastal Plain and north end of Mississippi Embayment, pp. 781-745; 
Later Tertiary (Miocene and Pliocene), Texas, Louisiana, and Arkansas, pp. 804-806: South Atlantic 
and eastern (iulf Coastal Plain and north end of Mississippi Embayment, pp. 806-813: in Willis, Bailey: 
Index to the stratigraphy of North America, U.S. Geol. Survey Prof. Paper 71, 1912. 
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DALL, W. H., A monograph of the molluscan fauna of the Orthaulaz pugnaz zone of the Oligocene of Tampa, 
Florida, U. S. Nat. Mus. Bull. 90, pp. 178, 26 pls., 1915. 

A contribution to the invertebrate fauna of the Oligocene beds of Flint River, Georgia, U. S. Nat 
Mus. Proc., vol. 51, pp. 487-524, pls. 83-88, 1916. 

DEussEN, ALEXANDER, Geology and underground waters of the southeastern part of the Texas Coastal 
Plain, U.S. Geol. Survey Water-Supply Paper 335, pp. 365, 9 pls., 1914. 

Geology of the Coastal Plain of Texas between Brazos and Nueces rivers, U. S. Geol. Survey Prof. 

Paper —— (manuscript not published). 

and Dotz, R. B., Ground water in LaSalle and McMullen counties, Texas, U. S. Geol. Survey 
Water-Supply Paper 375 (G), pp. 141-177, pls. 9, 10, 1916. 

DUMBLE, E. T., Some events in the Eocene history of the present Coastal area of the Gulfof Mexico in: 
Texas and Mexico, Journ. Geol., vol. 23, pp. 481-498, 1915. 

Problems of the Texas Tertiary sands, Geol. Soc. America Bull., vol. 26, No. 4, pp. 447-476, pls. 25-27, 


1915. 


Tertiary deposits of northeastern Mexico, California Acad. Sci. Proc., ser. 4, vol. 5, pp. 163-193, 
pls. 16-19, 1915. 

Lowe, E. N., Preliminary report on iron ores of Mississippi, Miss. Geol. Survey Bull. 10, pp. 70, 7 pls., 
1913. See especially pp. 23-25. 

Mississippi, its geology, geography, soils, and mineral resources, Idem, Bull. 12, pp. 335, 28 pls., 
1 geol. map, 1915. : 

MANSFIELD, W. C., Mollusks from the type locality of the Choctawhatchee marl, U. S. Nat. Mus. Proc., 
vol. 51, pp. 599-607, pl. 113, 1916. 

Matson, G. C., The phosphate deposits of Florida, U. S. Geol. Survey Bull. 604, pp. 101, 17 pls., 1915. 

The Pliocene Citronelle formation of the Gulf Coastal Plain, U. S. Geol. Survey Prof. Paper 98, 
pp. 167-192, pis. 32-43, 1916. 

—— The Catahoula sandstone, Idem, pp. 209-226, pls. 48-54, 1916. 

, and SANFORD, S., Geology and groundwaters of Florida, U. 8. Geol. Survey Water-Supply Paper 
319, pp. 445, 17 pls., 1913, 

Rogers, G. S., The phosphate deposits of South Carolina, U. S. Geol. Survey Bull. 580 (J), pp. 183-220, 
pl. 2, 1914. 

SELLARDS, E. H., Fossil vertebrates from Florida: A new Miocene fauna, Florida Geol. Survey Eighth 
Ann. Rept., pp. 83-93, 1916. 

SHaw, E. W., Pliocene of northeastern Mississippi, U. 8S. Geol. Survey Prof. Paper 108 (H), pp. 125- 
163, pls. 45-60, figs. 21-25, 1918. 

SHEARER, H. K., Areport on the bauxite and fuller’s earth of the Coastal Plain of Georgia, Georgia Geol... 
Survey Bull. 31, pp. 340, pls. 16, 1917. 

STEPHENSON, L. W., and VEATCH, J. O., Underground waters of the Coastal Plain of Georgia, U. 8. Geol. 
Survey Water-Supply Paper 341, pp. 539, 21 pls., 1915. 

, and CRIDER, A. F., Geology and groundwaters of northeastern Arkansas, U.S. Geol. Survey 
Water-Supply Paper 399, pp. 315, 11 pls., 1916. 

VAUGHAN, T. W., The reef-coral fauna of Carrizo Creek, Imperial County, California, and its significance; 
U.S. Geol. Survey Prof. Paper 98 (T), pp. 355-386, pls. 92-102, 1917. 

——-— Correlation of the Tertiary formations of the southeastern United States, Central America, and 
the West Indies, Washington Acad. Sci. Journ., vol. 8, pp. 268-276, 1918. 

and CooKkE, C. W., Correlation of the Hawthorn formation, Washington Acad. Sci. Journ., vol. 4, 

pp. 250-253, 1914. 


In the bibliography, except the one by Professor Berry on the 
flora of the Calvert formation, I have purposely omitted references to 
papers on that part of the Coastal Plain north of the South Carolina- 
North Carolina boundary line. The contributions to the paleontology 
and stratigraphy of the Tertiary formations of the south Atlantic and 
Gulf Coastal Plain during the past five years have been considerable, 
as the list of papers shows, but much more work has been done. 
Prof. E. W. Berry has completed a monograph of the middle and 
upper Eocene floras of southeastern North America, now awaiting 
publication as a Professional Paper of the United States Geological 
Survey; Dr. Joseph A. Cushman has a monograph of the Pliocene 

‘and Miocene Foraminifera of the Coastal Plain in press as a bulletin 
of the United States Geological Survey; Messrs. F. Canu and R. S. 
Bassler have submitted the manuscript for a very large volume on 
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the Eocene and lower Oligocene Bryozoa of the Coastal Plain for pub- 
lication by the United States National Museum; Miss Julia Gardner 
has completed the manuscript of a monograph on the Mollusca 
of the Chipola marl, Oak Grove sand, and Shoal River marl members 
of the Alum Bluff formation; and Dr. C. W. Cooke has completed 
the field work of a geologic reconnaissance of the Coastal Plain of 
South Carolina, on a scale of 1:500,000. The results of all this un- 
published work have been available to me, and I have utilized them 
in preparing the correlation table. 

The only specific correlations that it seems desirable to discuss in 
this connection are those of the upper Eocene of Texas. Dumble, 
in his papers already cited, represents upper Claibornian deposits as 
being absent in Texas, referring his Fayette and Yegua formations 
to the lower Claiborne, while the Frio is placed doubtfully in the 
same division of the Claiborne. The Fayette overlies the Yegua, 
which is the same as the formation to which I applied the name 
“‘Cocksfield Ferry beds” in 1895.1. In my papers cited below! I made 
it perfectly clear that that formation overlies the lower Claiborne 
deposits, to which Harris later applied the name St. Maurice forma- 
tion, and underlies the marine fossiliferous Jackson as exposed on 
Red River at Montgomery, Louisiana, and that it must include the 
deposits in Louisiana that are the stratigraphic equivalent of the 
upper Claiborne, subsequently designated Gosport sand, of Alabama. 
There was no escape from this correlation at the time I made it, and 
it has subsequently been repeatedly corroborated by others. 
Although the basal part of the Yegua is probably the equivalent of 
the upper part of the lower Claiborne Lisbon formation, the greater 
part of the Yegua is of upper Claiborne age, and it is the Texas cor- 
relative of the Gosport sand of Alabama. Berry’s unpublished 
studies of the middle and upper Eocene floras of southeastern North 
America supply further corroboration of this correlation, and he au- 
thorizes me to say that some of the upper beds of the Yegua may 
be of lower Jackson age. 

So long ago as 1902 Miss Maury published the following statement 
regarding the Fayette sandstone: ? 

In 1895 Mr. William Kennedy ® referred both the Fayette sandstone and the Frio, 
clays to the lower Claiborne because of the presence of Venericardia planicosta in the 
sandstones. Mr. Veatch, during the winter of 1902, has examined the sandstones and 
finds Venericardia planicosta is limited to the basal layers of the formation. These 
he refers to the Jackson. 


1 Vaughan, T. W., Stratigraphy of northwestern Louisiana, Amer. Geologist, vol. 15, pp. 205-229, pl. 9, 
1895; A brief contribution to the geology and paleontology of northwestern Louisiana, U.S. Geol. Survey 
Bull. 142, pp. 65, 4 pls., 1896. 

2 Maury, Carlotta J., A comparison of the Oligocene of western Europe and the southern United States, 
Bull. Amer. Paleontology, vol. 3, p. 80, 1902. 

8 Kennedy, William, Eocene Tertiary of Texas, Acad. Nat. Sci. Philadelphia Proc. for 1895, pp. 92, 98, 
1895. 
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I have visited, in company with Mr. Alexander Deussen, the fos- 
siliferous exposures near Wellborn, Texas. I collected fossils and 
have studied them. I concur with Mr. Veatch in his opinion that 
they are of Jackson age. Mr. Deussen has traced the formation 
westward; ft is persistent and persistently overlies the Yegua for- 
mation at least for some miles beyond Nueces River.! The Frio 
clay overlies the Fayette sandstone, and it contains Ostrea georgiana, 
a species that is abundant in the Jackson formation in Alabama 
and in the Barnwell formation, which is the correlative of the Jackson 
formation, in eastern Georgia. The Fayette sandstone and the Frio 
clay of Texas are the correlatives of the Jackson formation of Lou- 
isiana and Mississippi. The following table shows the stratigraphic 
equivalence: 


Correlation of the middle and upper Eocene of Texas. 


Mississippi. Louisiana. Texas ee Nueces 
3 i . Frio clay. 
Jackson formation......... Jackson formation......... ae candatanee 
aise Yegua formation...... .| Yegua formation.......... eeeua formation. 
aiborne group....|4 Lisbon formation \ An « { ook Mountain formation, 
Tallahatta buhrstone...... St. Maurice formation..... Mount Seiman formation. 
| 


Southward and westward of a line, the location of which is indi- 
cated on Deussen’s map,’ there is a change in the strike of the forma- 
tions. The line passes between Cotulla and Tilden and strikes from 
about N. 52° W. to S. 52° E.; northeast of it, the strike of the for- 
mations is 8. 39° W., with a southeastward dip of 48 feet to 1 mile; 
southwest of it, the strike is N. 19° E., with a dip S. 19° E. of 36 
feet to 1 mile. In 1912 Mr. G. C. Matson devoted some months to a 
field study of the area along Rio Grande seaward of the Eocene- 
Cretaccous contact, and I accompanied him during a wagon trip 
from Laredo to Samfordyvee. As Mr. Matson has not been able to 
prepare a report for publication, it is fortunate that I made notes 
on the exposures we examined, and later the marine fossils collected 
were studied and identified by Dr. C. W. Cooke and myself. Through 
out much of its course between Laredo and Roma, Rio Grande is a 
subsequent stream—that is, its course is along the strike of the for- 
mations—and for miles the road is on very nearly the same geologic 
formation. However, only a short distance eastward from the river 
higher geologic formations are encountered. The most important 
difference of the successive formations, as compared with those far- 
ther east, consists in the shght development of the legnitiferous 
Yegua formation, which, apparently, is represented by shoal-water 
marine sands. The correlative of the Fayette sandstone was not 


1U.S8. Geol. Survey Water-Suppiy Paper 375, p!. 8, 1916. 
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definitely recognized, but Professor Berry has identified a Jacksonian 
flora, collected by Mr. Matson, ‘4% miles north of Miraflores Ranch, 
45 miles southeast of Laredo,” and says in a letter: “I consider the 
Miraflores Ranch outcrops as Fayette sandstone and of lower Jackson 
age. Jam sure that it is not upper Claiborne; in fact, I believe that 
a part of the Yegua in the Texas area is also lower Jackson in age.” 

The Frio clay is represented by clays that contain abundant speci- 
mens of Ostrea georgiana. The importance of these notes in this 
connection consists in showing that marine deposits of Jackson age 
extend to Rio Grande, but the strike veers southward in carlionmat 
with the trends of the shore of the Gulf of Mexico and of the moun- 
tains in eastern Mexico. 


CORRELATION OF THE TERTIARY FORMATIONS OF THE SOUTHEASTERN UNITED STATES 
With EUROPEAN SUBDIVISIONS OF THE TERTIARY. 


EOCENE, 


As the remarks to be made here are intended to be only asummary, 
no extersive account of literature will be given. However, it should 
be mentioned that Dr. W. H. Dall’s correlation table, published 
nearly 20 years ago,! is valuable in that it gave a summary of opraion 
up to 1898 and served as a startirg pomt for subsequent attempts 
of a similar kmd. A comparison of the correlation table of the for- 
mations in the southeastern United States here presented with 
Doctor Dall’s shows that during the past 20 years many modifica- 
tiovs or charges mn opinion have been rendered necessary because ou 
the acquirement of new information. 

The most recent discussion of the European equivalence of the 
lower Tertiary deposits of the Coastal Plain is that of Berry, who 
in his lower Eocene floras? presents the following table of the 
names applied to the European ‘‘stages”’: 


Ypresian (Dumont, 1849) WSR MES seat 288 Vie liz Wena facies=Cuisian. 


Lagoon facies=Laonnian. 

Sparnacian (Dollfus, 1880)=Upper Landenian (Mayer Eymar, 1857). 

Thanetian (Renevier, 1873)=TIIeersian (Dumont, 1849), Lower Lan- 
denian (Mayer Eymar, 1857 

Montian (Dewalque, 1869)=Paleocene of Von Koenen and others. 
(Not of Schimper, 1874.) 


Lower Focene| 


Basal Eocene. 


Berry says: ‘‘Together these stages correspond to the Konummu- 
litic of Haug (1911), to the Suessonian of D’Orbigny, and to the 
Palcocene of Schimper (1874), but not to the Paleocene of -Von 
Koenen, Dollo, ad others, which is hmited to the Montian stage.” 


1 Dall. W. H., A table of the North American Tertiary horizons. correlated with one another and with 
those of western Europe, with annotations, U.S. Geol. Survey Eighteenth Ann. Rept., pt. 2, pp. 323-348, 
1898. 

2U. 8S. Geol. Survey Prof. Paper 91, pp. 140-152, 
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With regard to the age of the Midway flora, he says: ‘‘ The 
European floras most similar to that of the Midway (?) are those, 
likewise poorly represented in marine deposits, of the Montian and 
Thanetian stages m the so-called Paris Basm im northern France, 
Belgium, and southeastern England.” 

He concludes his discussion of the correlation of the Wilcox floras 
with the following statement:? ‘‘In view of the foregoing discussion, I 
have no hesitation in making the most positive statement that the 
Wilcox flora is largely of Ypresian age. This is rendered conclusive 
by the exact agreement between the flora of the overlying Claiborne 
group and that of the Lutetian of Europe, as brought out in my un- 
published studies of the Claiborne flora.”’ 

The foregoing paragraph contains Berry’s opinion in 1916 as to 
the equivalence of the Claiborne group of the southern United States 
with the Lutetian of western Europe. This is an old correlation, for 
it is the same as that made by De Lapparent.2 More recent studies, 
not yet published, have led Berry to correlate the Claiborne flora of 
the southeastern United States with the Auversian of Europe, and 
he grants me permission to present his conclusion in this connection. 

As a part of my discussion of the coral faunas of the Jackson forma- 
tion and its correlatives, page 198 of this volume, I have expressed my 
opinion that the Jacksonian of Mississippi and Albama is the equiva- 
lent of the Bartonian-Ludian of western Europe, thereby concurring 
in a previously expressed opinion of Haug, which is essentially the 
same as that of De Lapparent.‘ In fact, this opinion seems generally 
accepted by all geologists who have studied the subject. 


OLIGOCENE. 


That the Vicksburgian Oligocene is the equivalent of the European 
Tongrian *-Sannoisian-Lattorfian has long been recognized and needs. 
only mention in this place. 

As a part of the discussion of the coral faunas, pages 199-207 of 
this volume, I have correlated the basal part of the Chattahoochee. 
formation with the Rupelian-Stampian of western Europe. This 
conclusion, which seems to me firmly established, is new for the 
marine Tertiary formations of continental North America. 

That the Tampa formation of Florida is the equivalent of the Euro- 
pean Aquitanian, which seems to include the Chattian, is generally 
acknowledged. This is the opinion of W. H. Dall and M. Cossmann, » 


1U.S. Geol. Survey, Prof. Paper 91, p. 11. 

2Idem. p. 152, 

3 De Lapparent, A., Traité de géologie, p. 1454, 1900. 

4 Traité de géologie, ed. 4, p. 1473. 

6 Maury, Carlotta J., A comparison of the Oligocene of western Europe and the southern United States,, 
Bull. Amer, Paleontology, vol. 3, No. 15, pp. 313-404, pls. 20-29, 1902. Hereit should benoted that Tongrian: 
. has been used in two senses, one as the equivalent of the lower (Lattorfian) and the other as the equivalent: 
ofthe middle (Rupelian) Oligocene. Miss Maury used it in the former sense. 
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and apparently Mr. R. B. Newton agrees with them.! The papers 
cited below contain the opinions referred to, and additiomal references 
to literature are given in the footnotes to Doctor Dall’s paper. On 
page 211 of this volume, under my discussion of the successive Amer- 
ican coral faunas of Tertiary age, the same opinion is expressed. ~ 
Paleontologists are divided in opinion as to whether the Aquitanian 
should be referred to the Oligocene or to the Miocene. 

From my experience with American faunas I incline to consider 
it as belonging to the older series. The Rupelian (basal Chatta- 
hoochee and Antiguan) fauna has much in common with the 
Sannoisian-Lattorfian (Vicksburgian) faunas, on the one hand, and 
with the Aquitanian (Tampa) fauna on the other. The failure to 
discover Lepidocyclina at Tampa seems to me of no great value as 
evidence, for, so far as I am aware, no careful search for Foraminifera 
has been made in the ‘‘silex’’ bed. Should the specimens not have 
been destroyed by changes in the sediments subsequent to deposition, 
it is my expectation that either Lepidocyclina or Heterosteginoides, 
or both, will be found at Tampa, for in the Canal Zone both of those 
genera of Foraminifera are found in association with a fauna that 
I am correlating with the Tampa, and Heterosteginoides occurs in 
Anguilla. Mr. Newton, in his note cited, states that ‘‘Nummulites 
died out at the end of Oligocene time, being replaced by Lepidocycline 
Foraminifera in the succeeding Aquitanian and later stages of the 
Miocene period.”’ This is an unfortunate remark, for the type-species 
of Lepidocyclina is L. mantella (Morton) from the Vicksburgian Oligo- 
cene of the Gulf States. It is now known that in Georgia the genus 
ranges stratigraphically as low in the Eocene as a middle Jacksonian 
horizon, overlapping the upward range of Orthophragmina,? and it is 
probable that it ranges as low as the base of the Jackson formation in 
Mississippi and Louisiana. Nummulites panamensis in the Canal Zone 
occurs at a horizon very nearly the same as that of the ‘‘silex’”’ bed 
at Tampa. There are important differences between the Tampa 
and the later fauna of the Chipola marl, which is considered by the 
students of Florida stratigraphy, except Doctor Dall, as the basal 
member of the Alum Bluff formation. However, it should be recog- 
nized that the presence of the Chipola marl considerably west 
of the type locality on Chipola River indicates a persistence 
that may warrant according it formational rank. I am definitely 
placing the Chipola mar! and the higher members of the Alum Bluff 
formation in the Miocene. 


1 Dall, W. H., Note on the Oligocene of Tampa, Fla., the Panama Canal Zone, and the Antillean region, 
Malacolog. Soc. Proc., vol. 12, pp. 38, 39, 1916. 

Newton, R. B., Remarks on Dr, Dall’s paper, idem, p. 40, 

3 Generic determinations by Dr. Joseph A. Cushman, 
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MIOCENE. 


ALUM BLUFF FORMATION. 


In the foregoing paragraph and on pages 219-220, as a part of the 
discussion of the fossil coral-faunas, I have referred the Chipola marl 
member of the Alum Bluff formation to the basal part of the Mio- 
cene—that is, I correlate it with the base of the Burdigalian of 
European nomenclature. Unfortunately, information on the basal 
contact of the Chipola is not adequate. According to the description 
by Matson and Clapp? it conformably overlies the Chattahoochee 
formation. In 1900 I examined the exposure at the type locality, the 
McClelland farm on the west side of Chipola River, just south of Ten- 
mile Creek, Calhoun County, Florida, and corroborated the previous 
observations of Dall and Stanley-Brown that the marl immediately 
overlies limestone at the top of the Chattahoochee formation, but 
did not study the nature of the contact in sufficient detail. Although 
the evidence is not definite, it is probable that the contact is one of 
erosion unconformity. 

As regards the Mollusca of the Chipola marl, Miss Julia Gardner, 
who has almost completed a monographic account of them, furnishes 
me the following statement: ‘‘The earlier investigation of the Chipola 
fauna indicated that ‘about 50 per cent of the species in the Chipola 
beds are peculiar to them; of the others the larger proportion are 
common to the Tampa Orthaulax bed while in the subsequent Oak 
Grove sands about 24 per cent of the Chipola species survive.’ ? 

‘Further investigations have, as is usually the case, materially 
increased the percentage of peculiar forms and materially diminished 
the percentage of species common to other horizons. The work 
upon the Chipola fauna is not yet complete but there is every reason 
to suppose that at least 75 per cent of the species are restricted to 
the single horizon. Twenty-three of the Tampa gastropods have 
been considered identical with those from the Chipola. In 18 out of 
the 23 the resemblances between the Tampa and Chipola forms are 
too slight to justify their inclusion under the same specific name. 
Two other species must be discarded for the present, because it has 
been impossible to find the Tampa individuals referred to them, 
Only 3 of the 23 remain; Strombus chipolanus is represented in the 
Tampa beds by material too imperfect to determine with complete 
assurance; Xenophora conchyliophora is a species which has per- 
sisted with no perceptible change of character from the Upper 
Cretaceous to the Recent; Tegula exoleta apparently initiated in the 
Tampa persisted throughout the Miocene. The relation between the 

1 Matson, G. C., and Clapp, F. G., A preliminary report on the geology of Florida, with special refer- 
ence to the stratigraphy, Florida Geol. Survey 2d Ann. Rept., pp. 102, 103, 1910. 


2 Dall, W. H., A monograph of the molluscan fauna of the Orthaular pugnaz zone of the Oligocene of 
Tampa, Fla., U. S. Nat. Mus. Bull. 90, p. 8, 1915. 
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Tampa and Chipola pelecypods promises to be similar to that be- 
tween the gastropods. No identical species of any significance has 
been found, and except a single conspicuous element the entire 
aspect of the fauna looks forward to the later Tertiary and Recent 
rather than backward. The presence of Orthaulax, that bizarre 
group so closely associated with the Oligocene of the southeast 
coast and the Antilles, is the one strong band between the Chipola 
and the later Oligocene faunas. This archaic type survived the 
break at the close of the Tampa and continued in considerable 
abundance throughout the Chipola, but no trace of it has been 
found in the later formations. 

‘“The affinity between the Oak Grove and Chipola is much closer than 
the percentage of identical species indicates. Only about 15 per cent 
of the Chipola forms are common to the Oak Grove, although about 
85 per cent of the Oak Grove forms are common to the Chipola. The 
Chipola fauna is remarkably varied and includes two decidedly dis- 
tinct facies and a third more obscurely differentiated assemblage. 
The Oak Grove fauna, on the other hand, is much more uniform; it 
includes fewer species and has a much larger relative number of 
individuals. The facies of the Chipola fauna at the type exposure 
on Chipola River is much more closely allied to the Oak Grove than 
is the facies developed in the lower bed at Alum Bluff, which con- 
tains a rather prominent brackish water element. The third assem- 
blage, a marine fauna known only from Boynton Landing on Choc- 
tawhatchee River, has a rather large number of peculiar species. 
Except Orthaulaz, the prominent genera of the Chipola fauna on the 
Chipola River and those of the Oak Grove fauna are the same, and a 
goodly percentage, probably the majority, of the prolific species of the 
Oak Grove have closely related analogues in the Chipola fauna as 
represented on Chipola River. The change following the Chipola 
was apparently sufficient to exterminate the archaic types, together 
with a large number of the newer forms. The hardier types, however, 
survived and were apparently able to flourish with increased abun- 
dance in the less densely populated waters of the Oak Grove.”’ 

The Mollusca of this horizon are only remotely related to those of 
the Tampa formation, which is the stratigraphic equivalent of the 
upper part of the Chattahoochee formation, while they are closely 
related to those of the next higher zone, the Oak Grove sand. Be- 
cause of the faunal kinship and the stratigraphic intergradation of 
the marl with the typical material of the Alum Bluff formation at 
Alum Bluff, it is classified with the Oak Grove sand as a member of 
the Alum Bluff formation. 

Berry has described the small flora obtained in the Alum Bluff 
formation! in a paper by him already cited. The fossil plants at 


1U.S. Geol. Survey Prof. Paper 98 (E), pp. 41-59, pls. 7-10, 1916. 
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Alum Bluff occur between 12 and 17 feet above the top of the Chipola 
marl. He says regarding this flora: ‘‘It is thus apparent that the 
Alum Bluff flora can be considered either Aquitanian or Burdigalian, 
with a slight preponderance of the evidence in favor of the Aquita- 
nian, * * * If the Alum Bluff formation is of Aquitanian or 
Burdigalian age—and one or the other alternative seems certain— 
the more or less academic question is raised whether it shall be 
classed as Oligocene or Miocene.’’ 

The floral evidence at least does not contradict considering the 
Alum Bluff as Burdigalian. 

The matrix of the Chipola marl is particularly suited for the 
preservation of Foraminifera, and they are very abundant; but there 
are no orbitoid Foraminifera, neither Lepidocyclina nor Hetero- 
steginoides. 

The Bryozoa of the Alum Bluff formation, according to Messrs. 
Canu and Bassler, are of distinctly Burdigalian affinities. The 
fauna is particularly characterized by the introduction of certain 
species that persist until the present time. Two of these species are 
Cupularia umbellata Defrance and C. canariensis Busk, both of 
which occur in the Chipola marl at its type locality, and both were 
collected by Doctor MacDonald on Banana River, Costa Rica, in 
deposits correlated with the Gatun formation, and both occur in the 
Bowden marl of Jamaica. 

The evidence of the fossil corals and of the fossil vertebrates has 
been discussed on pages 219, 220 of this volume. 


MARKS HEAD MARL AND CALVERT FORMATION. 


The Marks Head marl at Porters Landing, Savannah River, 
Effingham County, Georgia, has been correlated by me with the 
Calvert formation of Maryland and Virginia.1 The most recent 
discussion of the age equivalence of the Calvert with European 
horizons is that of Berry in a paper already mentioned.? He says, 
regarding the probable age of the formation: ‘‘Seven of the Calvert 
plants, or 26.9 per cent, are common to the Tortonian of Europe, 
and ten others, or 38 per cent, are represented in the Tortonian by 
very similar forms. In view of the fact that these floras spread 
into both regions from a common and equally accessible source, the 
evidence that the Calvert flora indicates a Tortonian age is as 
conclusive as intercontinental correlations ever can be.” 

According to this correlation of Berry, there is no Helvetian in 
the Atlantic and Gulf Coastal Plain of the United States. 

1 Vaughan, T. W., The Miocene horizons at Porters Landing, Georgia, Science, new ser., vol. 31, pp. 
833, 834, 1910; and in Veatch, O., and Stephenson, L. W., Preliminary report on the geology of the Coastal 


Plain of Georgia, Georgia Geol. Survey Bull. 26, pp. 362-369, 1911. 
2U.S. Geol. Survey Prof. Paper 98 (F), pp. 61-73, pls. 11, 12, 1916. 
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CHOPTANK AND ST. MARYS FORMATIONS. 


Miss Julia Gardner contributes the following statement on these for- 
mations: ‘‘ Because of faunal similarity with the Calvert formation, 
both the Choptank and the St. Marys formations are also correlated 
with the Tortonian of Europe, though, of course, they represent hori- 
zons slightly higher than that of the Calvert. The Choptank fauna is 
little more than a sandy bottom facies of the Calvert and is the 
biologic expression of the physical conditions attending its close. 
About 60 per cent of the Choptank species are present in the under- 
lying formation, while approximately 30 per cent persist into the 
overlying St. Marys. 

“The St. Marys fauna, though similar to those of the lower forma- 
tions of the Chesapeake group in the general make-up, is differentiated 
from them by an influx of new forms and by the absence of those 
species peculiar to the cooler waters of the Calvert and the sands of 
the Choptank. The more modern element includes not far from 
35 per cent of the entire St. Marys fauna.” 


YORKTOWN FORMATION AND DUPLIN MARL. 


Miss Gardner has kindly prepared the following statement: 
“The change in the paleontologic character at the close of the 
St. Marys is much more significant than that preceding it. Although 
the percentage of new forms in the Yorktown is not remarkably 
large, the general facies shows a distinct advance over the St. Marys. 
The more primitive types, such as Ostrea compressirostra, had become 
extinct or they show an abrupt decrease in prominence, while a 
number of more advanced types such as Arca lienosa, which con- 
stitute conspicuous clements in the later faunas, are initiated at 
this horizon. 

“The views advanced by Dall! on the approximate synchroncity 
of the Yorktown and Duplin faunas have been verified by subsequent 
investigations. Doctor Dall, in his discussion of Tertiary conditions 
along the East Coast, suggested the elimination of the cool inshore 
current of the carlicr Miocene and the reestablishment of a Tertiary 
Gulf Stream as the probable cause of the subtropical aspect of tho 
Duplin fauna. This late Miocene warm current apparently hugged 
the North Carolina shore even more closely than does the present 
Gulf Stream, but swung off into the open sea in the vicinity of Hatteras 
so that its influence upon the Yorktown fauna was almost negligible. 
The sea floor, on which the Dulphin marl, as at present known, was 
deposited, was apparently more sandy than that on which the St. 
Marys and Yorktown formations were laid down, as the conspicuous 
abundance in Virginia and northern North Carolina of such a form 
as Mulinia congesta indicates dominantly muddy bottom in some 


1 Dall, W. H., Contribntions to the Tertiary fauna of Florida, Wagner Free Inst. Sci. Phila. Trans, 
vol. 3, pt. 6, p. 1598, 1903. 
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portions at least of the area covered by deposits belonging to the 
Chesapeake group, while the profusion of Oliva literata and Olivella 
mutica give evidence of extensive sand flats in the area covered by 
the Duplin marl. Already in the late Tertiary, present day 
conditions had been approximated along the East Coast. The 
faunas of Virginia and North Carolina flourished in rather shallow 
inshore waters into which mud and sand were being freely carried, 
the waters of the Yorktown basin being slightly but not much 
warmer than those off the Virginia coast today; while the Duplin 
fauna was apparently in more direct communication with the Flor- 
idian life than are the present faunas off Hatteras and Cape Fear and 
indicate slightly warmer climatic conditions than do those of the 
Yorktown.” 

The Yorktown formation and the Duplin marl are the correlatives 
of the European stage next younger than the Tortonian, which 
would be the Sarmatian or Pontian or both. 


CHOCTAWHATCHEE MARL. 


The study that I made of the Mollusca from the Duplin marl as 
exposed at Porters Landing, Savannah River, Georgia,! and of Mol- 
lusca from exposures of the same formation in South Carolina, led 
me to the conclusion that the Choctawhatchee marl of Florida, 
exposed between Ocklocknee River, on the east, and Choctawhatchee 
Bay, on the west, is of very nearly the same, if not of the identical, 
age as the Duplin marl. Therefore, the Choctawhatchee marl and 
its correlative, the Jacksonville formation of east Florida, are about 
the same in age as the Sarmatian and Pontian of Europe. 

The brackish water Pascagoula clay of the coastal area in Missis- 
sippi and Louisiana is probably of about the same age—that is, late 
Miocene. 

PLIOCENE, 


In the South Atlantic and Coastal Plain of the United States four 
formations, the Waccamaw marl of the Carolinas, the Nashua and 
Caloosahatchee marls of Florida, and the Citronelle formation of the 
Gulf States are definitely considered of Pliocene age. References to 
literature are not necessary, as they are given in the papers men- 
tioned in the footnotes on pages 565, 566. At present correlation of 
these formations with the three recognized European stages, Pla- 
sancian, Astian, and Sicilian is not warranted. According to Berry, 
the flora of ‘‘the Citronelle formation belongs in the later half of the 
Pliocene epoch and is directly ancestral to the Pleistocene and 
Recent floras of the same region.” 


4’ Georgia Geol. Survey Bull..26, pp. 367-369, 1911. 
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AGE OF THE SEDIMENTARY FORMATIONS OF PANAMA, AND THE DISTRIBUTION OF 
THEIR AGE-EQUIVALENTS IN CENTRAL AMERICA AND THE WeEsT INDIES. 


EOCENE. 


The oldest deposit from which Eocene fossils were obtained is a 
dark-gray argillaceous sandstone near Tonosi. Here specimens of 
Venericardia planicosta closely resembling a variety found at Clai- 
borne, Alabama, were collected. The evidence of one species is 
meager, but as much as there is points to the deposit being of 
Claibornian-Lutetian (or Auversian) age. 

Deposits of Claibornian age extend as a belt from South Carolina 
across Georgia into Alabama, thence through Mississippi, eastern 
Arkansas, Louisiana, and Texas, and into Mexico.! 

Although deposits of upper Eocene (Jacksonian) age have not 
been positively identified in Panama, they probably are there. 
Doctor Cushman inclines to the opinion that the limestone contain- 
ing Orthophragmina minima at David is of upper Eocene age. Upper 
Eocene deposits occur in Nicaragua, St. Bartholomew, Jamaica, 
Cuba, in the southeastern and southern United States from North 
Carolina to Mexico, and probably in northern Colombia. The cor- 
relation and distribution of deposits of this age are discussed on 
pages 193-198 in the account of the fossil coral-faunas. They are 
the American representatives of the Kuropean Bartonian-Ludian- 
Priabonian stage. 

It is highly probable that upper Eocene marine sediments are 
present on the island of Antigua. Hussakoff has described? a fossil 
fish, Zebrasoma deani, from a quarry belonging to Mr. Oliver Nugent. 
I did not visit this quarry but saw it from a distance. It is at a 
place known as Golden Grove, which is 1.4 nautical miles nearly due 
south from the Cathedral in St. John, about 400 feet east of the 
southern end of a north and south line, and is in a sandstone or 
bedded tuff that is stratigraphically below the middle Oligocene 
Antigua formation. I believe Hussakoff is correct in assigning a 
aroun Eocene age to the fossil. 

Although it is sacral that deposits of upper Eocene age occur 
in a number of other West Indian islands, Haiti, Porto Rico, the 
Virgin Islands, St. Croix, Guadaloupe, Martinique, and Barbados, 
the available evidence is indecisive. Gregory * expressed the opin- 
ion in 1895 that the Scotland ‘‘beds” of Barbados are of lower 
Oligocene age. 

eecrdine to Douvillé, in his latest paper’ on the orbitoids of 
Trinidad, there are in that island deposits of Lutetian, Auversian, and 


1 See p. 565 of this volume. 

2 Hussakoff, L., Zebrasoma deani, a fossilsurgeon fish from the West Indies, Amer. Mus. Nat. Hist. Bull., 
vol. 23, pp. 125, 126, pl. 7, 1907. 

3 Gregory, J. W., Contributions to the paleontology and physical geology of the West Indies, Geol. 
Soc. London Quart. Journ., vol. 51, p. 298, 1895. 

4Comptes Rend., vol. 164, pp. 841-847, 1917. 
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Priabonian age. Miss Maury! correlates the basal bed of the ex- 
posure at Soldado Rock, Trinidad, with the Midway group of the 
Gulf Coastal Plain of the United States, but I am not convinced that 
the fauna is quite so old. In fact, the paleontologic evidence seems 
to me just about as strongly in favor of the horizon corresponding to 
one in the Wilcox group. Douvillé is of the opinion that most of 
Miss Maury’s horizons are younger than the age she has assigned 
them. There are discrepancies between Miss Maury’s and Douvillé’s 
correlations that probably can be reconciled only by a critical study 
of Foraminifera positively known to be associated with the respec- 
tive beds in which the Mollusea were collected. I have had con- 
siderable experience in checking M. Douvillé’s results, and, except 
that he does not understand all of the stratigraphic nomenclature 
and is greatly confused as to some of the stratigraphic relations in 
the southeastern United States, I have usually found his deductions 
as to the age of formations valid. It seems to me that the table in 
his last paper on the Trinidad orbitoids is correct, except that it seems 
tome more appropriate to refer the Aquitanian to the Oligocene than 


to the Miocene. 
OLIGOCENE, 


LOWER OLIGOCENE, 


The quotation, page 549, from Douvillé indicates the presence on the 
Haut Chagres of limestone of lower Oligocene (Lattorfian) age, as it 
contains specimens of Orihophragmina (Asierodiscus) species in 
association with Lepidocyclina species resembling L. chaperv. 

Doctor MacDonald collected in the river bed at David, station 6512, 
Lepidocyclina macdonaldi, L. duplicaia, L. panamensis, Orihophragmina 
minima, and Nummulites davidensis; at station 6526, in limestone 
which according to his section immediately underlics the lime- 
stone at station 6512, where he obtained Lepidocyclina species unde- 
termined and Nummulites davidensis; and he found at station 6523, 2 
miles north of David, Lepidocyclina macdonaldi and L. duplicaia. 
These three localities represent very nearly, if not precisely, the same 
horizon, and have faunal characters very similar to those of the 
horizon in Trinidad that Douvillé correlates with the ‘“‘Stampien | 
inféricur,’’ which, according to him, is Lattorfian. It therefore seems 
that the limestone in and north of David is of lower Oligocene (Lat- 
torfian) age, and is the correlative of the Vicksburg group of the 
eastern Gulf States of the United States. Doctor Cushman’s opin- 
ions as to the probable Eocene age of this limestone was given on 
page 550. } 

It is probable that the Bohio conglomerate is of this ago, for it 
contains the Oligocene plant, Taentoxylon mulitradiaium Felix, which 


1 Maury, Carlotta J., A contribution to the paleontology of Trinidad, Acad. Nat. Sci. Philadelphia 
Journ., ser. 2, vol. 15, pp. 25-112, pls. 5-13, 1912. 
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also occurs in the Oligocene of Antigua, and according to Doctor 
MacDonald the Bohio underlies the Culebra formation, the lower 
part of which seems to be of middle Oligocene age. However, the 
Bohio may be of middle Oligocene instead of lower Oligocene age. 

Romanes reports from Manzanilla, on the Pacific coast of Costa 
Rica,! a cherty rock in which there are remains of Foraminifera, 
including Gobigerina and ‘‘a complex form allied to Tinoporus,”’ 
which according to Dr. R. L. Sherlock is ‘‘most probably a species of 
Orbitoides.’’ As the so-called species of Tinoporus from Trinidad, 
according to Douvillé, are referable to Orihophragmina (Asierodiscus), 
if appears almost certain that the ‘‘form allied to Tnoporus’’ 
mentioned by Romanes is a species of Asierodiscus. Dr. J. A. 
Cushman has examined Romanes’s figure, ? based on a photomicro- 
graph of a thin section of the rock from Manzanilla, and writes me 
that it shows “‘Orihophragmina and abundant Globigerina, and that 
the rock may be similar to that at David and on Haut Chagres.”’ 
The evidence is not entirely decisive, but the probability is very strong 
that the rock from Manzanilla, Costa Rica, is of lower Oligocene 
(Lattorfian) age as is that at David and on Haut Chagres. It is 
unfortunate that the box containing Mr. Romanes’s most important 
Specimens was lost in transit, but, notwithstanding this loss, he has 
made a valuable addition to the literature on the geology of Costa 
Rica. 

Hill, in his description of a geologic section from San Jose, Costa 
Rica, to the coast at Port Limon, says: ‘‘At Guallava, the next 
station east of Las Animas, the Tertairy rocks are of Vicksburg age, 
according to Dr. Dall.”’? On page 275 of Hill’s paper, Doctor Dall 
lists from this locality “the genuine Orbizoides manielli, Phos, Denial- 
hum, Plicaiula, Anomia, etc., all Vicksburg species.” 

Between Costa Rica and Mexico there is no definite evidence as to 
the presence or absence of lower Oligocene deposits, but as Sapper 
mentions Nummulvies from Zacualpa, Yucatan, either Hoccne or 
Oligocene occurs at this place;* and, judging from the indefinite 
statements of Sapper, deposits of cither Hocene or Oligocene age 
underlie extensive areas in Chiapas and northern Guatemala.® 

Felix and Lenk® report Nummuliies and ‘‘Orbiioides”’ in northern 
Chiapas, from collections made by Karsten, and refer them to the 
Eocene, but sufficient data are not given to decide whether the 


1 Romanes, J., Geology of a part of Costa Rica, Geol. Soc. London Quart. Journ., vol. 68, pp. 130, 131, 
pl. 9, fig. 4, 1912. 

2Tdem., pl. 9, fig. 4. 

3 Hill, Rk. T., The geologic history of the Isthmus of Panama and portions of Costa Rica, Mus. Comp. 
Zool. Bull., vol. 28, No. 5, p, 232, 1898. 

4 Sapper, Carlos, La geographia fisica y la geologica de la Peninsula de Yucatan, Mexico Inst. geol. Bol. 
3, D. 7, 1896. 

5 Petermann’s Mittheil., Frgiinzungs vol. 27, Ergiinzungsheft. 127, p. 67, 1899. 

6 Felix, J., and Lenk, H., Ueber das Vorkommen von Nummulitenschichten in Mexico, Neues Jahrb. 
fiir Min, Jahrg. 1895, vol. 2, pp. 208-209, 1895. 
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deposits are of Hocene or Oligocene age. Aurelius Todd collected at 
Tumbala, Chiapas, station 6403 U.S.N.M. register, Lepidocyclina in 
quantity and a Nummulites possibly allied to a species described by 
Cushman from St. Bartholomuw. Cushman says, “I should say that 
the material repres:nts a lower Oligocene horizon.” 

Lemdocyclina and other Foraminifera that :ppears to be num- 
mulitic were obtained by P. C. Steward and C. W. Washburne 500 
meters southeast of Pecero, 8 leagues southwest of Ozuluama, Vera 
Cruz, Mexico, station 5462 U.S.N.M. register. Doctor Cushman 
says that at best some of this material is from strata of Oligocene 
age, but he does not express an opinion as to what part of the Oligo- 
cene it represents. 

Lower Oligocene deposits probably occur in eastern Mexico, north 
of the Tamaulipas Range, for Dumble reports a Pecien recalling 
Pecien poulsoni Morton, specimens identified by Doctor Dall South 
of that range, the same author records ‘“‘Orbiioides papyracea, Crisiel- 
larva, and Nummulties, from the Buena Vista to the Tancochin at 
Cerro del Oro.”’* The paleontologic evidence is indecisive, for the 
“Orbi:ovles papyracea’’ is certainly misidentified; but the specimens 
probably represent a large species of Lepidocyclina, of the kind 
abundant in the lower Oligocene and upper Eocene of the south- 
eastern United States and in the middle Oligocene of Antigua and 
Georgia. The deposits from which the Foraminifera were obtained 
may be of upper Eocene or of upper or middle Oligocene age, but the 
probability is that they are lower Oligocene in age. 

No marine Oligocene deposits are known in the State of Texas. 
Berry reports Palmozylon iexense Stenzel, from 5 miles north of Jasper, 
Texas, from ‘‘beds of Vicksburg age,’ * and states that ‘‘ Unstudied 
material indicates the probable presence of this species at several 
localities in the Catahoula sandstone of Texas and in the Vicksburg 
limestone of Alabama.” There is marine lower Oligocene in Louisiana 
at Rosefield, near Washita River; and east of Mississippi River it 
outcrops in a belt running from Vicksburg eastward to Georgia and 
Florida. 

Marine deposits in Cuba have been questionably referred to tho 
lower Oligocene, but a definite opinion must be withheld until Doctor 
Cushman has completed his study of the Cuban orbitoid Foraminifera. 

The geologic formation in Jamaica to which Hill applied the 
name Montpelier white limestone‘ contains many Foraminifera, 


1 Dumble, E. T., Tertiary deposits of northeastern Mexico, California Acad. Sci. Proc., ser. 4, vol. 5, p. 
188, 1915. 

2 Dumble, E. T., Some events in the Eocene history of the present coastal area of the Gulf of Mexico in 
Texas and Mexico, Journ. Geol., vol. 23, No. 6, p. 496, 1915, 

3 Berry, E. W., The flora of the Catahoula sandstone, U. S. Geol. Survey Prof. Paper 98 (M), pp. 235, 
236, pl. 56, 1916. 

‘Hill, R. T., The geology and physical geography of Jamaica, Mus. Comp. Zool. Bull., vol. 34, pp. 
137-144, 1899. 
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one of which was identified by Bagg as Orbitoides mantel, and is 
definitely correlated by Hill with the Vicksburg deposits of Missis- 
sippi. The identification of Orbiioides (Lepidocyclina) maniella 
is subject to doubt, and the doubt attaching thereto affects the 
validity of Hill’s correlation. However, the fact that the Montpelier 
limestone overlics the upper Eocene Cambridge formation and that a 
stratigraphic break occurs between it and the Bowden marl is strong 
stratigraphic evidence in‘favor of the correctness of Hill’s opinion. 
The stratigraphic evidence leads to the supposition that the orbitoidal 
Foraminifera belong to the genus Lepidocyclina, and their having 
been identified as Orbiioides mantelli indicates that they have the 
form of that species. From the available evidence I consider 
Hill’s conclusion justified, but until the Foraminifera have been 
critically studied the correlation is only tentative. 

Hill! presents a correlation of Tippenhauer’s columnar scction 
for the island of Haiti with the Jamaican formations. Tippenhauer 
gives very meager information on the paleontology of Haiti, but he 
does say that the yellow limestone, the formation overlying Eocene 
conglomerate, contains “Orbiioides.”? Gabb mentions the abun- 
dance of ‘“Orbiioides” in Santo Domingo,’ but his statements are 
indefinite. It will later be made clear (p. 591 of this volume) that 
orbitoid Foraminifera are absent in Santo Domingo in deposits of the 
same age as and younger than the Bowden marl. The orbitoidal 
limestones of Santo Domingo are therefore older than the Miocene of 
Rio Gurabo, etc., and are probably of lower or middle Oligocene age, 
although they may be of upper Oligocene age. Additional strati- 
graphic and paleontologic work is needed before reliable conclusions 
on these matters are possible. 

There is at present no information that suggests the presence 
of lower Oligocene marine deposits in the West Indies east and south 
of Haiti. At the base of the Pepino formation in Porto Rico and of the 
Antigua formation in Antigua there are erosion unconformities, 
indicating periods of uplift during the lower Oligocene. I have not 
been able to procure information on Guadaloupe or Martinique 
that would serve as a basis for an ojo on the age of the lower 
formations in these islands. 

On the island of Trinidad lower Oligocene (Sannoisian and lower 
Stampian of Douvillé) * is well developed. 

There is no information on northern South America. 


1 The geology and physical geography of Jamaica, p. 172. 

2 Tippenhauer, L. G., Die Insel Haiti, vol. 1, pp. 86, 87, 1892. 

3 Gabb, W. M.,-On the topography and geology of Santo Domingo, Amer. Philos. Soc. Trans., now 
Ser., vol. 15, p. 96, 1873. 

4 Douvillé, H., Les Orbitoides de Vile de la Trinité, Comptes Rend., vol. 161, pp. 87-92, 1915; Les Orbi- 
toides de Vile de la Trinité, Idem, vol. 164, pp. 841-847, 1917. 
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MIDDLE OLIGOCENE, 


As stated on page 203 in the discussion of the coral faunas, the 
Antiguan Oligocene must, in my opinion, be taken as the type forma- 
tion and type locality of the middle (Rupelian) Oligocene of America. 
I have definitely correlated with this horizon the reef-coral fauna 
from Touosi, Panama, station 6587, which I consider to be the strati-. 
graphic equivalent of the lower part of the Culebra formation. 
Lepdocyclina panamensis and L. duplicata are associated For- 
aminifera. ‘The presence of marine deposits of this age in Antigua, 
Porto Rico, Santo Domingo, Cuba, Florida, Alabama, and eastern 
Mexico has been mentioned on pages 199-207. 

Messrs. Roy E. Dickerson and W. S. W. Kew have recently pub- 
lished a paper! in which they say: ‘‘most of the localities listed below 
appear to belong to the San Fernando formation of Dumble.” This 
name is invalid, because it is preoccupied by the name of certain 
formations in Trinidad, and has been renamed San Rafacl formation 
by E. T. Dumble. On page 205 of this volume I corrolate it with 
the middle Oligocene Antigua formation, the basal part of the Chatta- 
hoochee formation, and the European Rupelian, on the basis of the 
corals, which possess no such heterogencous stratigraphic affinities as 
the fossils recorded by Messrs. Dickerson and Kew. I will not here 
undertake to analyze the fauna they report, but will say that it con- 
tains names of species of upper Eocene (Jackson-Ludian), lower 
Oligocene (Vicksburgian-Lattorfiam), upper Oligocene (upper Chatta- 
hoochee-Tampa-Aquitanian), and lower Miocene (lower part of the 
Alum Bluff and the higher horizon represented by the Bowden marl- 
Burdigalian) age. In fact their list includes nearly every horizon 
from upper Eocene almost to middle Miocene. I will not attempt 
to explain this surprising paleontologic assemblago as the collections 
may represent a number of horizons, the specics may be misidenti- 
fied, or some of the species may have extraordinary stratigraphic 
ranges; and it will be mentioned that, as in at least one instance 
Cotteau mado an error in stating the locality at which the type of 
a species was collected, there is some confusion for which Messrs’ 
Dickerson and Kew are not responsible. An attempt will be made 
to remove in the forthcoming memoirs on West Indian paleontology 
as much of this kind of confusion as is possible. 

West of Alabama in Mississippi and Louisiana there are plant- 
bearing beds of middle Oligocene age, for a considerable part of tho 
Catahoula sandstone is certainly of that age, but that formation seems 
to include beds of lower, middle, and probably upper Oligocene age. 
No middle Oligocene deposits are known in Texas. There is no 


1 The fauna of a medial Tertiary formation and the associated horizons of northeastern Mexico, Cali- 
fornia Acad. Sci. Proc., vol. 7, pp. 125-156, pls. 17-264, 1917 (date printed with title July 30, 1917; received 
by me Oct. 16, 1917). 
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information on Central American between Mexico and Panama, nor 
is there any on northern South America. 

H. Douvillé? has referred the ‘‘couches de San Fernando”’ of 
Trinidad to what he designates ‘‘Chattien et Tongrien”’ or ‘‘Stampien 
supéricur.”” The species of Foraminifera occurring at this horizon, 
according to Douvillé, are Nummulites cf. N. vascus, Lepidocyclina 
(Isolepidina)? pusiulosa, L. (isolepidina) “du type ogival,” L. (Lu- 
lepidina) formosa, L. (Eulepidina) cf. L. dilatata. The species in 
Panama that would represent about the same horizon, according to 
my interpretation, are Lepidocycina panamensis and L. mulitplicaia, 
stations 6586e and 6587 (sce page 555). L. panamensis, it should be 
stated, may range upward into the Emperador limestone, but this 
is not certain. 

The evidence for Barbados is not altogether decisive. Franks and 
Harrison * present the following classification of the Barbadian for- 
mations: 

Low-level reefs. 


Bleistocene and: Bliocenes 2/5. 22a. ek asec se cee ..) High-level reefs. 
Globigerina-marls. 
Break. 
IMgocene noone... as Arpt Sos ine iar ha ch ie vate Pye Oceanic series. 
Break. 
BEoceneion Oligocene ways ees) -/ei eiele co sosine erect Scotland beds. 


The Globigerina-marls are referred to in the section on page 544 
of the paper cited, as the Bissex Hill “beds.” The only comment 
I will here make on this section is that it seems to me physically 
impossible to have a fringing reef conformably built on Globigerina 
00ze deposited in water 1,000 fathoms deep. 

After bringing to bear on the problem of the age of the Scotland 
beds the information accumulated by R. J. L. Guppy, Harrison and 
Jukes-Browne, and others, as well as that obtained through his own 
studies, Gregory says:* ‘‘It is therefore advisable at present to cor- 
relate the whole of the beds in Barbados below the Oceanic Series 
with the San Fernando or Naparima marls of Trinidad. Guppy has 
recently referred these (and the lower part, at least, of the Scotland 
beds, goes with them) to the Eocene. They are, however, now gen- 
erally assigned to the Oligocene, as, for example, by Heilprin.” 

A preceding paragraph of this paper contains Douvillé’s correlation 
of the ‘“‘couches de San Fernando”’ of Trinidad, with the ‘‘Stampien 


1 Les Orbitoides de l’ile de la Trinité, Comptes. Rend., vol. 116, pp. 87-92, 1915. 

2 This subgeneric name is invalid, for it is proposed for Lepidocyclina maniilli, which is the type-species 
of Lepidocyclina. The name should be written Lepidocyclina (Lepidocyclina) pustulosa or {Lepidocyclina} 
Lepidocyclina pusiulosa. 2 

3 Franks, G. F., and arrison, J. B., The Globigerina-marls [and basal reef-rocks] of Barbados, with an 
appendix on the Foraminifera by I’. Chapman, Geol. Soc. London Quart. Journ. vol. 54, pp. 540-555, 
1898, 

4 Gregory, J. W., Contributions to the paleontology and physical geology of the West Indies, Geol. 
Soc. London Quart. Journ., vol. 51, pp. 255-310, pl. 11, 1895. 
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supéricur,”’ which is Rupelian. Should the correlation of the Scot- 
land ‘‘beds’’ with the San Fernando be valid, the Scotland ‘‘ beds’ 
are of the sama age as the Antigua formation of Antigua, and cor- 
roborates the opinion expressed by Gregory. 

Allusion will here be made to two species of fossil corrals, that were 
submitted to me by Dr. J. W. Spencer and were said to have been 
collected in Barbados, near the Cathedral at Bridgetown; and I 
gave him the generic names used in his paper referred to below. 
The specimens are no longer accessible to me, but I have photographs 
of the species I listed as Astrocoenia species, which is the species to 
which I have applied the name Asirocoenia porioricensis, page 350 
(pl. 76, figs. 4, 4a, pl. 78, figs. 1, 1a) of this volume; and I have notes on 
the other species, referred to by me as Siylophora, species. The latter 
species, as well as Astrocoenia portoricensis, is exceedingly abundant 
in Antigua, where I collected between 60 and 70 specimens. It has 
six septa and a styliform columella, characters that led me to 
refer it to Siylophora, but as there are well-developed styles in the 
corners between many corrallites, I am now placing it in Siylocoenia. 
As these two species not only occur in Antigua, but as the matrix, 
yellowish clay, in which the specimens were embedded is similar to 
that usual in Antigua, I have wondered if the specimens did not 
really come from that Island, and not from Barbados. 

Messrs. Harrison and Jukes-Browne, it seems, became much 
excited over the reported occurrence in Barbados of the two species 
of corals mentioned above.? I will not enter the controversy between 
these authors and Doctor Spencer further than to say that if tho 
two species whose tentative identification I gave Doctor Spencer 
actually came from Barbados, their evidence is decisive as to beds 
of the age of the Antigua formation being in Barbados, and that 
the evidence of the corals is in accord with Gregory’s correlation of 
the Scotland ‘“‘beds’’; but if the specimens were obtained at the 
locality at which Doctor Spencer says he found them, the Scotland 
‘“beds’’ must be very near the surface in Bridgetown, and the veneer 
of the clevated coral-reef limestone decidedly thin. The area 2.75 
miles northeast of Bridgetown is indicated on Messrs. Harrison and 
Jukes-Browne’s geological map of Barbados as ‘‘limestone probably 
underlain here by Scotland beds.” Careful search should be made 
for corals in the material underlying the elevated reef in Bridgetown, 
and if the older coral-fauna is there, additional specimens will 
almost certainly be found, for the two species reported from there aro 
usually represented not by occasional but by numerous specimens, 
if present at all. 


1 Spencer, J. W., On the geological and physical development of Barbados; with notes on Trinidad, 
Geol. Soc. London Quart. Journ., vol. 58, pp. 354-365, 1902. 

2 Harrison, J. B., and Jukes-Browne, A. J., The geology of Barbados, Geol. Mag., vol. 9, pp. 550-554, 
Dee. 4, 1902. 


GEOLOGY AND PALEONTOLOGY OF THE CANAL ZONE. 585 


According to Hill! this epoch is represented in Jamaica by an 
erosion unconformity that intervenes between the Montpelicr white 
limestone and the Bowden marl. The orbitoids and nummulites 
of Jamaica are greatly in need of critical study. It is entirely 
probable that part of Hill’s Montpelicr limestone is of middle Oligo- 
cene (Rupelian) age. 

UPPER OLIGOCENE. 

It is my opinion, as expressed on a previous page (555), that the 
upper part of the Culebra formation and the Emperador lime- 
stone are the correlatives of the European Aquitanian, and on page 
571 I have given my reasons for preferring to refer the Aquitanian 
to the upper Oligocene rather than to the basal Miocene. The ref- 
erence of the upper part of the Culebra formation, in which Lepido- 
cyclina canellei R. Douvillé and Lemoine and ZL. chaperi R. Douvillé 
and Lemoine occur, to the upper Oligocene is old, for it was first pub- 
lished by H. Douvillé in 1898.2. Later? he refers the beds in which 
L. caneller is found to the upper Aquitanian, which he considers lower 
Miocene. M. Douvillé apparently is confused as regards the strati- 
graphic relations of L. chaperi, for the section, station 6019e-f, 
page 538, shows that it occurs stratigraphically above L. canellei, 
station 6019a, page 538, in Gaillard Cut. 

As has been said, I correlate that part of the Culebra formation 
in which Lepidocyclina caneller, L. chaperi, L. vaughani, Heiero- 
steginoides panamensis, Nummuliies panamensis, Orbiiolties ameri- 
cana, and the corals listed on page 208, with the upper half of the 
Chattahoochee formation of Georgia and Florida and a part of the 
Tampa formation of Florida, and J consider it the American corre- 
lative of the European Aquitanian-Chaitian. 

The Emperador limestone is paleontologically very closely related 
to the underlying top of the Culebra formation. In fact, except in 
the Canal Zone, where they are separable because of lithologic 
differences, it seems to me doubtful if the horizons represented by 
them can be positively identified. 

As a part of my discussion of the fossil corals it was necessary for 
me to discuss the geographic distribution of coralliferous deposits of 
this age in America. Besides those in Panama, marine deposits of 
the same age also occur in Anguilla, probably in Porto Rico, in 
Cuba, Florida, and Georgia, and H. Douvillé’s researches on the 
Foraminifera of Trinidad show their presence on that island. It is 
probable that they are also present in Martinique, Santo Domingo, 
and eastern Mexico, but precise data are lacking. 


1 Hill, R. T., The geology and physical geography of Jamaica, Mus. Comp. Zool. Bull., vol. 34, p. 143, 
1899. 

3 Douvillé, H., Sur l’Age des couches traversées par le Canal de Panama, Soc. Géol. France Bull., vol, 
26, pp. 587-£00, 1898. 

3 Douvillé, 11., Les couches & orbitoides de l’isthme de Panama, Idem., séance du 20 décembre 1919° 
Pp. 129-131, 1916. 


586 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


Recently Dr. Sidney Powers has presented to the United States 
National Museum some specimens he collected at the entrance to 
Rio Dulee, Guatemala. The rock is a massive light-colored, fine- 
textured limestone, with a conchoidal fracturo, and contains many 
poorly preserved fossils. Among the fossils aro Orbtioliies specics; 
several corals, one of which resembles Siderasirea, another is probably a 
specimen of Goniopora, and a third seems to be a branching poritid 
coral that looks precisely like a coral obtained by Doctor MacDonald 
in limestone, referred by him to the Emperador limestone, in the 
swamp north of Ancon Hill and about one-quarter of a mile south 
of Diablo Ridge, Canal Zone; and there are specimens of Osirea, 
Pecten, and Lima. This material is too poor to warrant a positive 
Opinion, but it is worth noting, and it probably represents a hori- 
zon very near that of the Emperador limestone. 

According to Hill’s account of the stratigraphic succession in 
Jamaica, the correlatives of these uppermost Oligocene deposits are 
represented there by a stratigraphic break, the unconformity be- 
tween the Montpelier white limestone and the Bowden marl. 


MIOCENE. 


The definite correlation of the Canal Zone Miocene with European 
horizons was first attempted by H. Douvillé in his paper, already 
cited, on the age of the deposits along the Panama Canal. He 
says regarding the deposits overlying those discussed in the fore- 
going remarks: “‘Leur 4ge est incontestablement Muiocéne.”' He 
considers the lower part of these deposits as Burdigalian, the upper 
part as Helvctian in age. That part of the Gatun formation exposed 
at Monkey Hill is referred to the Helvetian. 

The literature on the age of the Gatun formation is considerable, 
but a lengthy review of it appears unnecessary. The papers by 
Toula and by Pilsbry and Brown have already been cited on page 
560 of this volume. Actually there is in most cases more apparent 
than real discrepancy between the correlations of the different 
investigators, due to the fact that the Alum Bluff formation, includ- 
ing the Chipola marl member at its base, has been referred to the 
upper Oligocene. The Alum Bluff formation is certainly of Miocene 
age, according to Kuropean usage, and is the American equivalent 
of the Burdigalian. All available evidence indicates that the lower 
part of the Gatun formation in the Canal Zone is the equivalent of 
the Alum Bluff formation of Florida and Georgia. Although the 
Gatun formation contains numerous species of Foraminifera, echi- 
noids, and Crustacea, the fauna is predominantly molluscan, and the 
discrimination of zones within it must await the completion of the 
study of the careful zonal collections Doctor MacDonald and I 


1 Soe. Géol. France Bull., vol, 26, p. 699, 1898. 
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At present I have not strong evidence, but it is nevertheless 


my belief that, while the lower part of the formation is of Burdigalian, 
the upper part is of Helvetian age, as Douvillé in essence said so 


long ago as 1898. 


This would still signify that the Gatun forma- 


tion is geologically older than the Miocene of the Chesapeake group 
in Maryland and Virginia and the Marks Head, Duplin, and Choctaw- 
hatchee marls of the Carolinas, Georgia, and Florida. 

Deposits of old Miocene (Burdigalian = Alum Bluff) age are widely 
distributed around the perimeters of the Gulf of Mexico and the 


Caribbean Sea. 


Costa Rica on one side and into Colombia on the other. 


The Gatun formation extends from Panama into 


The lists 


of corals, Bryozoa, and Crustacea already given show the extension 


into Costa Rica. 


from near Cartagena, Colombia, that it is from beds 
lent in age to the Gatun in the Canal Zone.” 


lowing spccies: 


Pilsbry and Brown! say regarding a collection 


“about equiva- 


They record the fol- 


Fossil mollusks from near Cartagena, Colombia. 


Conus proteus Hwass. 
molis Brown and Pilsbry. 
amitator Brown and Pilsbry. 
aemulator Brown and Pilsbry. 
gaza Pilsbry and Johnson. 
Turris cartagenensis Pilsbry and Brown. 
Drilla gatunensis Toula. 
Cancellaria dariena Toula. 
Mitra longa Gabb. 
Marginclla mediocris Pilsbry and Brown. 
Oliva sayana immortua Pusbry and Brown. 
Strombina cartagenensis Pilsbry and 
Brown. 
lloydsmitht Pilshry and Brown. 
Solenosteira dalli Brown and Pilsbry. 
Murex gatunensis Brown and Pilsbry. 
pomum Gmelin. 
Typhis linguiferus Dall. 
Cassis monilifera Guppy. 


Polinices mammillaris (Lamarck). 
Potamides avus Pilsbry and Brown. 
Turritella cartagenensis Pilsbry and Brown. 
lloydsmithi Pilsbry and Brown. 
subgrundijera Dall. 
tornata Guppy. 
Petaloconchus domingensis Sowerby. 
Dentalium solidissium Pilsbry and Brown. 
carlagenense Pilsbry and Brown. 
Pitar (Iysteroconcha) casta Pilsbry and 
Brown. 
Yoldia pisciformis Pilsbry and Brown. 
Arca consobrina Sowerby. 
Glycymeris tumefactus Pilsbry and Brown. 
trilobicosta Pilsbry and Brown. 
Uoydsmithi Pilsbry and Brown. 
Ostrea sculpturata osculum Pilsbry and 
Brown. 


In 1916, Mr. George C. Matson was engaged in geologic work in 


northern Colombia, near Usiacuri, and sent to the United States 
National Museum collections of fossils for use in comparing with 
those from the Canal Zone and Costa Rica. Dr. C. W. Cooke, 
before being detailed to other work, had prepared preliminary lists 
of the species of mollusks received up to the time he had to under- 
take other duties. 


1 Pilsbry, IT. A., and Brown, A. T., Oligocene fossils from the neighborhood of Cartagena. Colombia, 
with notes on some Haitian spévies, Philadelphia Acad. Nat. Sci. Proc. for 1917, pp. 32-41, pis. 5, 6, 1917. 
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Preliminary list of fossils from Colombia. 


(All determinations subject to revision.) 


By Cuartes Wyrus Cooke. 


7852. Las Sierras, between el Carmen and Zambrano; from surface 


on top of knoll. 


Conus, probably C. imitator Brown and 
Pilsbry. 
2 species. 


Terebra gatunensis Toula. 

subsulcifera Toula,. 
Drillia gatunensis (Toula)? 
Turrws barrettt (Guppy)? 
Cancellaria dariena trachyostraca Brown 

and Pilsbry? 
2 species. 

Oliva gatunensis Toula? 
Marginella species. 
Latirus aff. L. protractus (Conrad). 
Strombina gatunensis (Toula). 
Distorsto gatunensis Toula. 


Correlation: Gatun formation. 


7873. About one-half kilometer east of Usiacuri, Colombia. 


Matson, collector. 


Septastrea matsont Vaughan. 
Terebra ci. T. gausapata Brown and Pilsbry 
gatunensis Toula. 
Conus dalli Toula. 
2 species. 
Turritidae, several species, 
Cancellaria, 3 species. 
Olivella, several species. 
Mitra longa Gabb? 
Fusinus species, 
Latirus species, 
Alectrion species. 
Columbellidae, several species. 
Murex species. 
Typhis species. 
Turritella mimetes Brown and Pilsbry. 
altilira Conrad. 
gaiunensis Conrad. 
Petaloconchus domingensis Sowerby? 


Correlation: Gatun formation. 


F. L. Wilde, collector, December 8, 1916. 


Turritella gatunensis Conrad. 
allilira Conrad. 
mimetes Brown and Pilsbry. 
species. 
Architectonica gatunensis (Toula). 
Natica, several species. 
Cheilea princetoniana Brown and Pilsbry? 
Crucibulum species. 
Arca. 
species, 
Pecten species, 
Corbula (Cuneocorbula) hexacyma Brown 
and Pilsbry. 
Chama species, 
Veneridae, several species. 


G.C. 


Natica species (very close to a species from 
Shell Bluff, Shoal River, Florida), 

Natica, 2 species. 

Neretina species. 

Niso species. 

Pyramidella species. 

Architectonica gatunensis Toula. 

Capulus species. 

Calyptrea species. 

Glycymeris new species. 

Arca aff. A. grandis Brown and Pilsbry. 

Arca new species. 

Ostrea species. 

Peclen species, 

Amusium large species. 

Venericardia species. 

Chione species. 

Corbula, 2 species. 

Mactra species. 


7855. Two kilometers west of Usiacuri, Colombia. 
Arca aff. A. grandis Broderip and Sowerby. 
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Correlation: Probably Gatun formation. 
7856. Three kilometers north of Usiacuri, Colombia. 


Oliva species. Ostrea species. 
Cancellaria species. Pecten species. 
Petaloconchus dominigensis Sowerby? Anomia species. 
Turritella gatunensis Conrad. Basta species. 
species, Cardium species. 
Glycymeris species (also at 7873). Chione species. 


Arca aff. A. grandis Broderip and Sowerby Barnacle. 


Correlation: Probably Gatun formation. 
7874. River bed at Usiacuri, Colombia. G. C. Matson, collector. 
Ostrea species, like that at station 7859. 
7857. Weathered surface of calcareous hard sandstone at San Anto- 
nio, 18 miles east of Tenerife, Colombia. Rogers and Wil- 
son, collectors. 


Terebra 2 species. Turritella altilira Conrad. 
Turris, like T. albida (Perry). Cerithium, 2 species. 
Cancellaria cf. C. guppyt Gabb. Chama species, etc. 
7858. Creek bed at San Antonio. Same bed as 7857. 
Cerithium species. Scapharca species. 

7859. Creek at San Antonio. 

Scapharca cf. S. chiriquiensis (Gabb). Ostrea species, etc. 


Other material was forwarded by Mr. Matson, but it has not been 
examined. 

Marine deposits of similar age are found in Venezuela at Cumana 
and in Trinidad. R. J. L. Guppy has published two interesting 
papers ! in which he compares the species found at Springvale, Trini- 
dad, with species from Cumana (Venezuela), Jamaica, and Haiti. 
Douvillé, in his account of the orbitoids of Trinidad, places the 
“couches de Cumana & Turritella tornata”’ in the Burdigalian. 

The ‘Oceanic Series” of Barbados (see p. 583 of this paper) is 
referred to the Miocene by all the recent students of that island. 
They are deposits supposed to have been laid down in water at least 
1,000 fathoms deep, as they contain beds of radiolarian earth and 
specimens of a deep-sea echinoid, Cystechinus crassus Guppy. 

H. Douvillé reports Lepidocyclina giraudi R. Douvillé from the 
“Burdigalien de la Martinique.”’? Subsequently (p. 591) Mollusca 
from Martinique, thought by M. Cossmann to represent a higher 
horizon, will be considered. 


1Guppy, R. J. L., On a collection of fossils from Springvale, near Couva, Trinidad, Trinidad Agric. 
Soc. Paper No. 440, pp. 15, 1911; Fossils from Springvale, near Couva, Trinidad, Idem., Paper No. 404, 
pp. 10, 3 pls., 1911. 

2 Comptes Rend., vol. 161, p. 89, 1915. 
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Dall said, in 1903, regarding the age of the Bowden marl of 
Jamaica: ‘It is perhaps with the Oak Grove sands, or between tho 
Chipola and the Miocene, that the position of the Bowden fauna 
would be marked most plausibly against the Tertiary column of 
Florida formations.” 

This correlation has essentially been made by students of other 
groups of organisms, but instead of considcring the Bowden of 
Oligocene age, they refer it to the Miocene. W. P. Woodring, in a 
recently published summary of his conclusions based upon a study of 
the Bowden pelecypods,? says: ‘‘Though many of the post-Chipolan 
elements are found among the charactcristically tropical groups, 
yet the introduction of superspecific groups, some of which are not 
exclusively tropical, can hardly be disregarded. The Bowden 
pelecypods are distinctly younger than those of the Alum Bluff 
faunas, as these faunas are now known. It may be suggested that 
the Bowden fauna is Burdigalian, that is, lower Miocene in the sense 
of most American stratigraphers.” 

Dr. J. A. Cushman, from his study of the Foraminifera, and 
Messrs. Canu and Bassler from their investigations of the Bryozoa 
consider the Bowden fauna Miocene. My opinion, based upon the 
fossil corals (see pp. 212, 213 of this volume), is the same as that 
of the authors mentioned. Until the results of Miss Gardner's work 
on the Mollusca of the Alum Bluff formation are tabulated and com- 
parisons made with the Bowden fauna, only approximate correlation 
is practicable. It is my opinion that the Bowden is equivalent to a 
horizon high in the Alum Bluff, perhaps about that of the Shoal 
River marl. In other. words, the Bowden corresponds to upper 
rather than to lower Burdigalian. 

There are in Santo Domingo at least three Miocene horizons, 
according to the results recently obtained there by Miss C. J. Maury.? 
She transmitted the Foraminifera, corals, echinoids, and Bryozoa 
to me for study in connection with the investigation of the strati- 
graphic paleontology of Central America and the southern United 
States, and Miss M. J. Rathbun has delivered to me a manuscript 
in which she has included descriptions of the fossil Crustacea col- 
lected by Miss Maury. Besides Miss Maury’s report on the Mollusca, 
Iam able to use Doctor Cushman’s report on the Foraminifera, 
my own on the corals, Doctor Jackson’s on the echinoids, Messrs. 
Canu and Bassler’s on the Bryozoa, and Miss Rathbun’s on the 
Crustacea. Miss Maury’s zone H on Rio Cana is the same horizon 
as the Bowden; and she considers her zones G and I to be the same 


1 Dall, W.H., Tertiary fauna of Florida, Wagner Free Inst. Sci. Trans., vol. 3, pt. 6, p. 1582, 1903. 

2 Woodring, W. P., The pelecypods of the Bowden fauna, Johns Hopkins Univ. Circular, March, 1917, 
PD. 242-254, 1917. 

3 Maury, Carlotta J., Santo Domingo type sections and fossils, Bull. Amer. Paleontology, vel. 5, pp. 
165-459, pls. 28-65, 1917. 
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horizon as her zone H. The age of the Santo Domingan corals is dis- 
cussed on page 218 of this volume. The Foraminifera, among which 
are no orbitoids, and the Bryozoa, both groups abundantly repre- 
sented, give essentially the same result as the corals. Messrs. Canu 
and Bassler consider the Bryozoa from zones H-I as of unquestion- 
ably Burdigalian age. 

This same horizon, that of the Bowden, has been recognized at num- 
erous places in Cuba, as has been stated in discussing the fossil coral 
faunas of Cuba (p. 218). It has been identified at Baracoa and Matan- 
zas, and perhaps at Havana and Santiago. The lower (Alum Bluff) 
Miocene of the southeastern United States has been discussed at 
some length on pages 572-574. Marine deposits of this age occur in 
Florida, Georgia, and southern Alabama; in Mississippi they are 
represented by the nonmarine, plant-bearing Hattiesburg clay. 

A fauna of very nearly the same, if not identical, age occurs on 
the Isthmus of Tehauntepec. It has been particularly considered by 
Bose and Toula.!. Bése says, regarding the specimens collected by 
him: “Eine ganze Reihe von Arten steht solchen nahe, die nur aus 
dem Oligociin der Antillen bekannt worden sind.” Although 
precise correlation of this matcrial is not now practicable, it seems 
that a lower Miocene horizon is represented. 

Dr. C. W. Hayes collected on the Pacific coast of Nicaragua, 75 
miles northwest of Brito Harbor, station 6409, worn specimens of a 
species of bryozoan that Dr. R.S. Bassler says is apparently Cupularia 
canariensis Busk, which ranges from a horizon in the Alum Bluff 
formation to Recent. The matrix is a calcareous, sandy, consoli- 
dated marl, and was included by Hayes in his Brito formation. 
The age of these specimens is not older than, and it probably is, old 
Miocene. The Brito formation, therefore, includes deposits ranging 
stratigraphically from upper Eocene to lower Miocene, but the beds at 
the type locality are of upper Eocene age (sce previous pp. 193-197). 

It was stated on page 586 that H. Douvillé considered that part of 
the Gatun formation exposed around Mount Hope as Helvetian 
Miocene, and that I provisionally accept his determination. It is 
probable that some of the Miocene deposits of northern Colombia are 
also of this age. Information on Venezuela and between there and 
Martinique is lacking. 

For Martinique we have the following statement from Cossmann:? 


D’aprés un premier apercu qui ne porte que sur une partie des Siphonostomes, il 
prait 4 peu prés certain qu’un grand nombre de Gastropodes se trouvent a la fois dans 


1 Bése, E., Zur jungtiiren Fanna von Tehuantepce. I. Stratigraphie, Beschreibung und Vergleich mit 
americhanischen Tertiirfaunen, K. k. geolog. RKeichsaust. (Wien) Jahrb., vol. 60, pp. 215-255, pls. 12, 13, 
1910. 

Toula, F., Zur jungtertiiren Fauna von Tchuantepec. II. Vergleichung hauptsiichlich mit europiischen 
und lebenden Arten, Idem, vol. 60, pp. 255-276, 1910. 

2 Cossmann, M., Etude comparative de fossiles miocéniqnes recuellis & la Martinique et & l’isthme de 
Panama, Journ. conchyliologie, vol. 61, pp. 1-64, pls. 1-5, 1913. 
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les deux gisements, et que leur Age est au-dessus des couches de Bowden 4 la Jamaique, 
qui ont fait l’objet d’une étude de la part de Guppy. Ces derniéres renferment une 
tres belle faune dont j’ai pas mal de spécimens dans ma collection: sans aller jusqu’S 
partazer complétement l’opinion de M. Dall qui les rapporte 4 1’Olizoctne. je crois 
qu’elles représentent l’équivalent de notre Aquitanien, c’est-a-dire le Miocéne 
inférieur, tandis, que les fossiles de la Martinique et de Gatun (Panama) seraient un 
peu plus récents, probablement du Miocéne moyen. Enfin, d’aprés les matériaux 
que j’ai pu étudier 4 1’ Ecole des Mines, les fossiles de Saint-Domingue (Haiti). étudiés 
par Gabb at par Sowerby, représenteraient un niveau déja plus élevé, celui du Miocéne 
supérieur. 

M. Cossmann considers this material from Martinique as younger 
than the Bowden fauna. 

Precise information on the paleontology of the Tertiary formations 
of Guadeloupe is exceedingly meager, in fact it is almost nothing. 
Dr. J. W. Spencer submitted to me a specimen of Stylophora' col- 
lected by him in a limestone near Les Abimes. Accurate identi- 
fication of a species of Stylophora may be a proper basis for precise 
correlation, but the genus ranges from upper Eocene to middle 
Miocene (about Helvetian) in the West Indian Tertiarics. In 
1849 Milne Edwards and Haime described a coral from the ‘‘ Terrain 
tertiare’”’ of Guadeloupe, under the name Thecosmilia ponderosa, and 
subsequently transferred it to the genus Monilivaltia.2 I have photo- 
graphs of the type of this species, kindly sent me by my friend Dr 
Charles Gravier of the Muséum d’Histoire Naturelle, Paris. It be- 
longs to the genus Anézlia and is closely related to A. bilobata Duncan. 
Montlwvaltia guesdesi, described by Duchassaing and Michelotti? from 
Guadeloupe and said to be associated with Antillia ponderosa, is also 
a species of Antillia. A. guesdesi is so similar to A. bilobata that 
Duchassaing and Michelotti placed the latter in its synonomy. As I 
have seen no specimens of A. guesdesi, I must base any opinions con- 
cerning it upon its authors’ figures and descriptions. It seems to me 
different from A. bilobata, but as the distinction between the two 
consists in the relative number of teeth within 1 centimeter on the 
septal margins, and as the details of the figures of A. guesdesi may be 
inaccurate, it would be improper to insist that they are different. 
However that may be, there are in Guadeloupe two supposed, very 
nearly related species of Andfillia, and they are actually or almost 
indistinguishable from species that occur in Santo Domingo at a 
horizon near or above that of the Bowden marl. ‘The evidence for 
Guadeloupe, therefore, indicates the presence there of deposits of 
uppermost Burdigalian or Helvetian age. There may be Tertiary 
deposits both older and younger than the bed in which the specimens of 
Antillia were collected. Doctor Spencer’s structure section across the 
island strongly suggests that such deposits are there. 


1 Spencer, J. W., On the geological and physical development of Guadaloupe, Geol. Soc. London Journ., 
vol. 57, pp. 506-519, 1901. 

2 Jlist. nat. Corall., vol. 2, p. 312, 1857. 

8 Mém. cora]l. Ant., p. 69 (of reprint), pls. 5, fig. 13, 1860. 
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It has already been stated that the fossils obtained by Miss Maury 
in Santo Domingo at horizons higher than her zones G, H, and I are 
younger than the Bowden fauna. A line of demarcation between 
the Burdigalian and higher Miocene is not at present practicable, but 
it is almost, if not quite, certain that her upper zones ‘are not older 
than Helvetian. This would still seem to indicate a horizon below 
the lowest formation of the Chesapeake group of Maryland and Vir- 
ginia and the Marks Head marl of eastern Georgia, but the available 
data do not warrant a positive opinion. However, it appears that the 
higher Miocene deposits of the Santo Domingan section are represented 
in Florida and Georgia by the erosion interval between the deposition 
of the uppermost beds of the Alum Bluff formation and that of the 
overlying Marks Head marl. 

The presence in Cuba of deposits, the La Cruz marl, of the same 
age as the Santo Domingan deposits above Miss Maury’s zones H-I, 
was noted on page 219 of this volume. 

It seems that there are in the southeastern United States no Miocene 
marine deposits of the same age as the upper part of the Gatun 
formation, the Santo Domingan deposits above Miss Maury’s zones 
H-I, and the La Cruz marl of Cuba, unless some of the latter deposits 
are younger than is at present supposed. 

Except for the Isthmus of Tehuantepec, there is no information on 
marine Miocene formations of this age in eastern Mexico, or in the 
area between Yucatan and Costa Rica. The extension of the Gatun 
formation into Costa Rica has already been discussed. 


PLIOCENE. 


The Toro limestone is the only formation within the Canal Zone 
that is supposed to be of Pliocene age. The determination of the 
age of this formation is necessarily by means of its stratigraphic 
relations, as only one identifiable species of fossil, Hpitonium torvénse 
Dall, was collected in it, but the stratigraphic relations, described by 
Doctor MacDonald on pages 544, 545 of this volume, are such that 
the formation can scarcely be of any age other than Pliocene. 

The Pliocene deposits in the vicinity of Limon, Costa Rica, 
were first observed by W. M. Gabb,! who described a number 
of species from there, and they were later visited by R. T. Hill? who 
made additional collections, on which Doctor Dall supplies notes 
published in the paper cited. Doctor Dall has recently described 
an interesting species of Pecten, P. pititerr,* collected by Mr. H. Pittier 
at Moin Hill, near Port Limon. This species will be referred to in 


1Gabb, W. M., Descriptions of new species of fossils from the Pliocene clay beds between Limon and 
Moén, Costa Rica, together with notes on previously known species from there and elsewhere in the Carib- 
bean area, Acad. Nat. Sci. Philadelphia Journ., ser. 2, vol. 8, pp. 349-380, figs. on pls. 45-47, 1881. 

2 Mus. Comp. Zod]. Bull., vol. 28, p. 234, 1898. 

8 The geologic history of the Isthmus of Panama and portions of Costa Rica, Mus. Comp. Zool. Bulil., 
vol. 28, p. 274, 1898. 

4 Smithsonian Misc. Cell., vol. 59, p. 10, 1912. 
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a subsequent paragraph. Pliocene corals from this locality are 
considered on page 223, 

Mr. George C. Matson collected at Barranquilla, Colombia, some 
fossils that belong to a fauna younger than that obtained around 
Usiacuri, and may be of Pliocene age. Glycymeris, Ostrea, Pecten, 
and Lucina are the genera represented. 

The Bissex Hill ‘‘beds” of Barbados (see p. 583 of this paper) are 
considered Pliocene in age by Franks and Harrison; but I infer, 
from his remarks on the Foraminifera, that Chapman inclined to the 
opinion that they are of Miocene age. I strongly doubt any of tho 
elevated, terraced coral reefs of Barbados being so old as Pliocene, 
but present evidence is not decisive. The only known extensive 
Pliocene coral fauna in America is that of the Waccamaw and 
Caloosahatchee marls of the southeastern United States. This is 
discussed on page 222 of this volume. I have studied both the 
specimens on which Gregory based his account of the Barbadian 
elevated-reef corals and a collection (see p. 255 of this volume) later 
sent me by Professor Jukes-Browne. All of the species seem to me 
inseparable from the species at present living in the Caribbean area, 
except one that was erroneously identified by Gregory as Lithophyllia 
walli (Duncan). 

Pliocene deposits have been recognized at very few places in the 
West Indies; in fact, about the only locality at which there is reason- 
able surety of there being beds of this age is near Guanténamo, Cuba, 
where Mr. O. E. Meinzer collected Pecten pittiert Dall, identified by 
C. W. Cooke. 

KR. T. Hill considers the Jamaican formations, to which he applies 
the names Manchioneal and Kingston, as Pliocene, and it seems that 
he is correct, but the evidence adduced is not completely convincing. 
In other words, from the evidence available, Hill was justified in his 
age classification of the deposits mentioned, but their paleontology 
needs more detailed investigation. 

The marine Pliocene of the southeastern United States has been 
considered on page 576 of this paper. 

Heilprin was the first to call attention to the extensive Pliocene 
“‘eray or white shell limestone” of Yucatan.' His examinations 
were made ‘‘at several points in and about Merida, in numerous 
cuttings along the line of the Merida-Kalkini Railroad, on the line of 
the railroad connecting the capital city with Ticul, all along the 
traverse between Merida and Tunkas,” and ‘‘at various points 
between Tekanto and Cilam.”’ Sapper has published a rough out- 


1 Veilprin, Angelo, Geological researches in Yucatan, Acad. Nat. Sci. Philadelphia Proc. for 1891, pp. 
136-158, 1891. 
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line map of the Pliocene area in Yucatan,' and he repeated Heilprin’s 
lists of fossils. 

No information is available for British Honduras, the Republic of 
Honduras, or Nicaragua. 

The accompanying table presents the approximate stratigraphic 
equivalence of the Tertiary marine formations in Central America, the 
Antilles, the southeastern United States, and Europe. It will be 
noticed that the table indicates two great stratigraphic breaks, 
namely, one in lower and middle Eocene time, the other in upper 
Miocene time. 


PRE-TERTIARY FORMATIONS IN CENTRAL AMERICA AND THE WEsT INDIES. 


The foregoing discussion of the marine geologic formations of 
Panama has included more or less consideration of all of those of 
Tertiary age, concerning which we have knowledge, in the southern 
United States, eastern Mexico, Central America, and the West Indies, 
and a few notes have been made on northern South America. Since 
the publication of Bailey Willis’s Index to the stratigraphy of North 
America,” there has been no important addition to our knowledge of the 
pre-Tertiary formations of the West Indies and Central America. As 
this volume and the geologic map of North America it was prepared 
to accompany are both easily accessible to geologists, and as a review 
of the formations of those ages would be mostly repetition of informa- 
tion contained in that work, I will make only a few general remarks. 

Rocks of supposed Archean age outcrop as follows: State of Oaxaca, 
Mexico, granites and gneisses; Chiapas and Guatemala, granites, 
talc, and chloritic schists; Nicaragua and Honduras, fundamental 
granite; Venezuela, granite from Puerto Cabello to Trinidad. Granitic 
débris was found in Eocene sediments in Costa Rica and along Rio 
Chagres in Panama by Hill. There is granite overlain by arkose 
below the Upper Cretaceous near the city of Santa Clara, Cuba, and 
marble and schists in the Isle of Pines. 

Paleozoic rocks of undertermined age occur in northern Sonora, 
Mexico, and in Chiapas; in Guatemala there are formations of both 
pre-Carboniferous and Carboniferous age; Mierisch reports Devonian 
in northern Nicaragua; and Paleozoic rocks apparently are present 
in Honduras. The rocks, largely serpentine, forming the proto-axis 
of Cuba, and some of the formations in the Trinidad Mountains, 
Cuba, may be of Paleozoic age, but there is no definite proof. 

Triassic deposits occur near Zacatecas, and perhaps at Miquehuana, 
State of Tamaulipas, Mexico; the Todas Santos formation in Chiapas 
and Guatemala is of Triassic age, and it appears, according to Mierisch, 


1Sapper, Carlos, La geografia fisica y la geclogia de la Peninsula de Yucatan, Mexico Instit. geolog. 
Bol. No. 3, pp. 57, 6 pls., 1896. 
2U.58. Geol. Survey Prof. Paper 71, 1912. 
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also to occur in northern Nicaragua. Sapper records Triassic rocks 
from several areas in Honduras. 

Jurassic limestone froms the axis of the Organos Mountain, Province 
of Pinar del Rio, Cuba; and marine Jurassic is extensively developed 
in Mexico and west Texas. 

The Lower Cretaceous, so greatly developed in Mexico and Texas, 
is not known in the West Indies or in Central America proper, that is, 
below the Isthmus of Tehuantapec, except in Honduras. 

With regard to the Upper Cretaceous, it will be said that the pecul- 
iar Upper Cretaceous fauna of Jamaica has been found in Cuba and 
St. Thomas. Hill has noted in Porto Rico “‘volcanic tuffs and con- 
glomerates with interbedded Cretaceous rudistean limestone similar 
to that of Jamaica,’’ thereby confirming a previous inference of Cleve 
that the horizon he recognized in St. Thomas also occurs in Porto 
Rico; and it is reported from the Island of Haiti. Quin figures a 
specimen of Barretiia from the “ Blue-beach” formation of St. Croix 
(but without recognizing its affinitics); and Sapper records Barretiia 
from northwest of Coban, Guatemala, and a somewhat similar fauna 
from Chiapas, Mexico. As Cleve years ago pointed out, this fauna is 
more closely related to that of Gosau, Austria, than to any in North | 
America north of the Gulf of Mexico. Hill reports Rudistes and 
Tnocerami from his San Miguel formation, Costa Rica, but Romanes? 
doubts the correctness of the identifications. 


OUTLINE OF THE GEOLOGIC HISTORY OF THE PERIMETERS OF THE 
GULF OF MEXICO AND THE CARIBBEAN SEA. 


The following pages will present only the broad outlines of the 
geologic history of the region of which Panama forms a part. The 
details for Panama are given by Doctor MacDonald in the manu- 
script of his report on the geology of the Canal Zone and adjacent 
areas, to be published by the Smithsonian Institution. Three 
manuscripts on the physiography and stratigraphy of Cuba are now 
in my possession. One of these is on an area adjacent to Guanta- 
namo, by Mr. O. E. Meinzer; the second is on an area northwest of 
Guantanamo by Mr. N. H. Darton; and the third is a general ac- 
count of the physiography and stratigraphy of the entire island and 
the Isle of Pines by myself. The paleontology of the different forma- 
tions is considered in as much detail as available information per- 
mits. A similar account of the geology of the Lesser Antilles, by 
Mr. Robert T. Hill and myself, is nearly ready for press, and pale- 
ontologic monographs of the fossil biota of St. Bartholomew, Anti- 
gua, and Anguilla are almost complete. The geologic history of these 


1 Dr. T.W. Stanton has recentiy verified the age determination of these deposits. (Oral communi- 
cation.) 

2 Romanes, James, Geology ofa part of Costa Rica, Geol. Soe. London Quart. Journ., vol. 68, pp. 103-139, 
pls. 8, 9, 1912. 
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areas is discussed in the reports mentioned, which I hope may, 
within a few months, be submitted for publication by the Carnegie 
Institution of Washington. 

The discussion of the age and geographic distribution of the differ- 
ent geologic formations on preceding pages partly prepares the way 
for an account of the paleogeography of the region under considera- 
tion; but before proceeding the geographic relations of the Three 
Americas should receive attention. 


GEOGRAPHIC RELATIONS OF THE THREE AMERICAS. 


This subject has attracted many investigators, some of whom con- 
sidered only segments of the perimeters of the two American scas, the 
Caribbean Sea and the Gulf of Mexico, while others considered the 
relations between Central America and the West Indies to the continent 
of North America, on the north, and to the continent of South America, 
on the south. Some of the important facts in the alignment of the 
West Indies were recognized so long ago as 1848, for Schomburgh ! 
called attention to the fact that in the Lesser Antilles there are an 
outer and an inner group of islands, the outer largely composed of 
calcareous rocks, the inner composed of volcanic rocks. Knowledge 
of the geographic and geologic relations within this region has grown 
gradually, and there have been so many contributors to it that no 
attempt will be made to credit each of them for what he has done. 
However, special acknowledgments should be made to R. T. Hill for 
his investigations in a number of the West Indian and Central Ameri- 
can areas; to Carl Sapper for his exploration in Yucatan, Tabasco, 
Chiapas, Guatemala, parts of Honduras, and San Salvador; and to 
Karsten and Sievers for their work in northern South America. The 
footnotes” below gives the titles of some of the more important 
publications, and they contain references to earlier literature. 


1 Schomburgh, Sir R., Iistory of Barbados, p. 532, 1848. 

2 Dollfus, A., and Mont-Serrat, E. de, Voyage géologique dans les républiques de Guatemala et de 
Salvador, pp. 535, 18 pls., 1868, Paris. Sce particularly pp. 250-258. 

Felix, J., and Lenk, H., Ueber die tektonischen Verhiiltnisse der Republik Mexiko, Deutsch. gcolog. 
Gesellsch. Zeitsch., vol. 44, pp. 303-323, pls. 19, 20, 1892. 

Hil, R. T., Fundamental geographic relations of the Three Americas, Nat. Geog. Mag., vol. 7, pp. 
175-181, 1896; The physical geography of Mexico [Abstract], Eighth Internat. Geog. Cong. Rept., pp. 
765-766, 1905. (See also papers by Ilill listed on p. 604, this volume.) 

Karsten, Hermann, Géologie de l’ancienne Colombie bolivarienne, Venézucla, Nouvelle-Grenaide et 
Ecuador, pp. 62, 1 map, 8 pls., 1886, Berlin. 

Sapper, Carl, Grundziige der physikalischen geographie von Guatemala, Petermanns Mittcil. Ergiin- 
gzungsbd. 24, Ergiinzungsheft 113, pp. 59, 4 maps, 1894; La geografia fisica y la geologia de la peninsula de 
Yucatan, Mexico Inst. geolog. Bol. 3, pp. 57, 6 pls., 1896; Das nérdliche Mittel-Amerika, pp. 436, 8 pls., 
1897, Braunschweig; Mittetamerikanische Reisen und Studien aus den Jahren 1888 bis 1900, pp. 426, 4 
statistical tables, 4 maps ,and numerous unnumbered halftone figs. and pls., 1902, Braunschweig; Uber 
Gebirgsbau und Boden des siidlichen Mittelamerika, Petermann’s Mitteil., Ergiinzungs Bd. 32, Ergiin- 
zungsheft 151, pp. 82, 4 pls., 1905. 

Sievers, W., Karten zur physikalischen geographie von Venezuela, Petermanns Mittcil., vol. 42, pp. 
125-129, pl. 10, pp. 149-155, pl. 11; pp. 197-201, pl. 15, 1896. 

Suess, E., Les Antilles, La face de la terre (translated under the direction of E. de Margerie), vol. 1 
pp. 724-737, 1897. 
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GENERAL RELATIONS. 


The boundaries of the Gulf of Mexico and the Caribbean Sea form 
a parallelogram (see pl. 73); those on the north and south extend 
along east and west lines, those on the east and west are northwest 
to southeast, while the basins are separated by cast and west 
structures. 

The bottoms of the continental slopes on both sides of the continents 
range between 2,500 and 3,000 fathoms in depth. On the east the 
2,500-fathom curve is either at or near the base of the slope from off 
the Banks of Newfoundland southwestward to off Jacksonville, 
Florida, whence it bends toward the southeast, passing east of the 
Bahamas, north of Porto Rico, east of the Caribbean arc, east of 
Trinidad, and northeast of the Guianas. The 2,500-fathom contour 
lies farther offshore on the Pacific side than on the Atlantic side of 
North America, but is nearer shore from the Revilla Gigedo Islands, 
west of Manzanillo, Mexico, to off Guatemala, whence southward the 
2,000-fathom contour is near the base of the slope until off Peru, 
where there is a drop to over 3,000 fathoms in the great Callao deep. 

Land areas bound the Gulf of Mexico on the east, north, west, and 
south. The land on the west continues without interruption through 
Central America and northern South America, forming the western 
and southern boundaries of the Caribbean Sea. Between southern 
Florida and Trinidad there are relatively shallow-water connections 
with the Atlantic Ocean through passages between Florida and Cuba, 
and through passages between both the Greater and the Lesser Antil- 
les to Trinidad. Depths of about 1,000 fathoms or somewhat more 
are found between Cuba and [Haiti in the Windward Passage, and 
between Anegada and Anguilla in the Anegada Passage, but they are 
usually less than 500 fathoms. 

The Gulf of Mexico is separated from the Caribbean Sea by the 
Yucatan Peninsula and Cuba, but connects with it through the Yuca- 
tan Channel. The deepest part of this basin, which is a simple basin, 
is slightly over 2,000 fathoms. 

The Caribbean Sea is a compound basin, separated into two parts 
by the ridge that extends from Honduras to Jamaica. The northern 
division is almost subdivided by the Cayman ridge, which extends 
westward from the Sierra Maestra of Cuba. Depths of 2,500 fathoms 
are attained between the Caymans and Cape San Antonio, Cuba, 
while south of them depths exceeding 3,000 fathoms are recorded in 
the Bartlett deep. The southern division is a simple basin with 
depths ranging between 2,250 and 2,900 fathoms. 

The data presented show that these two basins are land-locked, 
except that between Florida and Trinidad shallow passages between 
land areas connect with the Atlantic Ocean, that the two basins are 
separated by structures transverse to the continental trend in Yucatan 
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and Cuba, and that the Gulf of Mexico is a simple while the Carribbean 
Sea is a compound basin. 

The major tectonic features surrounding and occurring within the 
basins will now be briefly considered. 


TECTONIC PROVINCES. 


In order to give an adequate conception of the relations of the two 
basins the general features of both the North and South American 
continents must be considered as well as the details of the land areas 
and submarine banks and ridges immediately adjacent to and within 
the region. The provinces germane to the area will be more par- 
ticularly considered, while the boundaries of those more remote will 
be only indicated. Twelve major with several subordinate provinces 
may be discriminated as follows: 

1. Bahamas. 

. Atlantic and Gulf Coastal Plain. 

. Mexican Plateau. 

. Oaxaca-Guerrero. 

. Yucatan. 

. Guatemala—Chiapas. 

. Cuba and northern Haiti. 

. Honduras, and its continuation to Jamaica, southern Haiti, 
Porto Rico, the Virgin Islands, and the outlying island of Saint Croix. 

9. Costa Rica—~Panama. 

10. Andes. 

11. Maritime Andes. 

12. Caribbean Islands: | 

12a. Barbadian Ridge. 
126. Main Caribbean Arc. 
12c. Aves Ridge. 

1. Bahamas.—The Bahama Islands and their accompanying shoals 
, occupy a triangular area which lies east of Florida and north of 
Cuba and Haiti. The islands either occur on one of two large banks, 
the Little Bahama and the Great Bahama banks, or they rise to the 
southeast of the latter bank as isolated eminences separated by water 
as much as 1,000 fathoms in depth. Two bodies of water over 1,000 
fathoms deep, Exuma Sound and The Tongue of the Ocean, indent 
the Great Bahama Bank. Water 1,000 fathoms in depth is close 
to the eastern shore of the Bahamas as far north as Elbow Cay on 
Little Bahama Bank. Eastward from the 1,000-fathom curve the 
bottom rapidly descends to a depth between 2,000 and 3,000 fathoms. 
The Bahama Islands are subaerial protuberants above the nearly 
level, slightly submerged surfaces of extensive plateaus which on one 
or more sides rise precipitously from oceanic depths. 
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2. Atlantic and Gulf Coastal Plain.—This plain extends beyond 
Rio Grande to the Sierra Madre, Mexico, and as far southward as 
Tampico. A narrow, more or less broken plain continues beyond 
Vera Cruz to the lowland plain of Yucatan, where it meets the trans- 
verse Oaxaca-Guerrero structural line. 

Throughout its extent, notwithstanding irregularities in surface 
configuration, the Coastal Plain in general slopes from its landward 
margin to the edge of the Continental Shelf. The inner margin 
ranges from 300 to 600 feet in altitude between Maryland and central 
Texas; while in west Texas it attains a height of slightly more than 
1,000 feet above sea level. 

3. Mexican Plateau.—At least four provinces of major rank are 
recognized in the western Cordilleran region of the United States, 
according to Ransome,’ namely: (1) The Rocky Mountains, (2) the 
Colorado Plateau, (3) the Nevada-Sonoran region, (4) the Pacific 
ranges. Nos. 1 and 2 are parts of the Laramide mountain system; 
No. 3 is the intermontane belt; and No. 4, the Pacific mountain 
system. Fenneman dissents from this classification in that he refers 
the Colorado Plateau to the Intermontane plateaus, along with the 
Nevada-Sonoran region,? and considers the Mexican ‘‘highland”’ as a 
part of his Basin-and-Range province lying south of the Colorado 
Plateau. Toward the south in trans-Pecos Texas the Colorado Pla- 
teau and the Nevada-Sonoran region of Ransome are delimited by a 
rather vague boundary from the Mexican Plateau, which Ransome 
also considers a part of the Laramide mountain system. The Mexi- 
can Plateau comprises the high plateaus and central mountains of 
Mexico. Southward from Rio Grande, below the mouth of Pecos 
River, it forms the western boundary of the Coastal Plain. The 
boundary, according to Hayes (oral communication), is a fault scarp 
which lies a little east of Monterey and trends east of south through 
Ciudad Victoria to Misantla, where volcanic mountains reach the 
shore and interrupt the continuity of the plain. The province is ter- 
minated on the south by a fault scarp beyond which are the east and 
west trending structural axis of Michoacan, Guerrero, and Oaxaca. 

4. Oaxaca-Guerrero.—A structural axis extends through Michoacan, 
Guerrero, and Oaxaca, almost at right angles to the trend of the 
Mexican Plateau. The northern boundary of this province is the 
escarpment at the southern margin of the Mexican Plateau; the 
western and southern boundary is the Pacific Ocean; while the 
eastern boundary is the Isthmus of Tehuantapec. It is thus set off 
from the Mexican Plateau, and the Yucatan lowland. 


1 Ransome, F. L., The Tertiary orogeny of the North American Cordillera and its problems, Problem 
of American geology, pp. 2389-295, New Haven, 1915. 

2 Fennaman, N. M., Physiographic divisions of the United States, Assoc. Amer. Geographers Bull. 
vol. 6, p. 41, 1916. 
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5. Yucatan.—This province consists of lowlands, under 600 meters 
in height, underlain by only slightly deformed Tertiary strata, except 
some problematic rocks west of Belize. The Yucatan Peninsula and 
Campeche Bank are comparable to the Floridian Plateau. They are 
developed along a structural axis almost at right angles to the con- 
tinental trend. Campeche Bank projects northward from the shore 
line of the peninsula 170 nautical miles to the 100-fathom curve and 
has a width of nearly 360 nautical miles along an east and west line. 
On the east the depth of water between it and Cuba exceeds 1,000 
fathoms and the axial trends are not coincident, but the axis of 
Yucatan Bank and that of the Province of Pinar del Rio, Cuba, curve 
so that they are nearly parallel, with a trough, Yucatan Channel, 
between them. 

6. Guatemala-Chiapas.—This province lies between the Yucatan 
lowland on the north and Rio Motagua on the south. It is an up- 
land dominated by east and west tectonic lines, and has been called 
the Guatemala-Chiapas Plateau by Tower.’ 

7. Cuba.—This province is coincident with Cuba and its submarine 
continuation, the Cayman Ridge. At least four subdivisions should 
be recognized: (1) The Isle of Pines, which is composed of mountains 
of schists and marbles with piedmont plains and marsh, separated 
from the main island by water less than 10 fathoms deep. (2) 
Organos Mountains of Pinar del Rio and the accompanying piedmont 
plains. The 1,000-fathom curve is less than 20 miles off the north 
shore. (3) Central Cuba, from the east end of Organos Mountains 
to Cauto River, is mostly a plain broken by some hills of serpentine 
and granite, and in Santa Clara Province, near Trinidad, mountains 
reported to be composed of Paleozoic sediments attain an altitude 
of about 2,000 feet. (4) Sierra Maestra and Cayman Ridge. This 
subprovince lies between the Cauto Valley and the south shore and 
is continued westward as the submarine Cayman Ridge, along ‘the 
axis of which only the Cayman Islands project above water level. 
The axial trend is nearly east and west between Cabo Cruz, Cuba, and 
Little Cayman, whence it curves to the southwest and pitches toward 
the head of the Gulf of Honduras, which is an area of depression. 
Between the Caymans and the Isle of Pines the depth of water exceeds 
1,000 fathoms, while the Bartlett deep to the south, separating Cuba 
and Jamaica, exceeds 3,000 fathoms in depth. 

7a. Haiti, northern part.—The island of Haiti lies at the conver- 
gence of the trend of the axis of the central subprovince of Cuba and 
the Honduran-Jamaican axis. The dividing line in Haiti is from 
Port au Prince to Ocoa Bay. The area south of this line belongs to 
a Jamaican axis, while that to the north belongs to the central 


1 Tower, W. L., Investigation of evolution in chrysomelid beetles of the genus Leptinotarsa, Carnegie 
Inst. Washington Pub. No. 48, p. 50, 1906. 
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Cuban trend. The structural axes of the mountains in the northern 
and northeastern part of Haiti are from northwest to southeast and 
are parallel to the axis of elongation of Cuba from the Sierra Maestra. 
to Santa Clara. In Cuba this trend is cut diagonally by the axis of 
the Sierra Maestra, which is bounded on the south by a tremendous 
fault scarp. Previous to this faulting it seems that central Cuba and 
Haiti formed parts of the same land area. The island of Haiti might 
be treated as separate from Cuba and Jamaica, but lying at the 
intersection of two tectonic trends. 

8. Honduras and the Jamaican Ridge.—The Honduran Province in 
Central America is dominated by tectonic lines extending from south- 
west to northeast, of which the Telusa Mountains are representative. 
A line from the Gulf of Honduras along Motagua River to a point 
north of Jalapa, thence southwest to the Pacific coast, may be taken 
as the northern boundary and Rio San Juan and the southern side 
of Lake Nicaragua as the southern boundary. 

From the northeast coast of Honduras and Nicaragua a great sub- 
marine plateau continues with depths of less than 1,000 fathoms to 
Jamaica. Above it rise numerous banks and keys and along its 
course are Thunder Knoll, Rosalind, Seranilla, and Pedro banks 
between the continental shore and Jamaica. 

The principal old tectonic lines of Jamaica trend northwest to 
southeast. As these are parallel to the shore northwest of Cape 
Gracias a Dios and to the northeast edge of Mosquito Bank, there 
are evidently cross tectonic lines nearly at right angles to each other 
in this ridge. 

A submarine ridge extends from the east end of Jamaica some 45 
miles and overlaps on the south side a ridge which protrudes west- 
ward from the west end of Haiti. The two ridges, however, do not 
connect but are separated by water over 1,000 fathoms deep. The 
ridge representing an eastward submarine continuation of Jamaica 
indicates a third tectonic line in that island. The last-mentioned 
line nearly parallels the Bartlett deep, which lies to the north. The 
submarine slopes to the southeast are toward the bottom of the 
Caribbean basin. 

Sa. Harit (southern part), Porto Rico, and the Virgin Islands.—The 
political division of Haiti designated Sud is dominated by east and 
west trending mountains, which parallel in direction the east and 
west axis of Jamaica. As the maximum depth between Haiti and 
Porto Rico is about 318 fathoms, they rise from a common, not greatly 
submerged bank. (See statement on preceding page in regard to 
considering Haiti as a separate Province.) 

The main mountain mass of Porto Rico, the Sierra Central, the 
maximum altitude of which is 3,750 feet at Kl Yunque, trends east © 
and west, paralleling in direction Sud, Haiti. There is coincidence . 
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in the direction of elongation of the Jamaican bank, Sud (Haiti), 
and Porto Rico. 

The relative truncation of the west end of Porto Rico, except the 
protuberant which forms Cabo de San Francisco, is striking and 
suggests faulting. The declivities both to the north and south of 
the island are great, over 4,000 fathoms in depth being reached 
within 40 miles of the north coast, while 2,000 fathoms are attained 
within a shorter distance from the south coast. 

A submarine bank extending from the east end of Porto Rico to 
Anecgada Passage is known as Virgin Bank. The depth of water 
between the islands rising above this bank is less than 20 fathoms, 
which is a minimum for the amount of submergence they have recently 
(geologically speaking) undergone. These islands are detached out- 
liers of Porto Rico. 

8b. Saint Croiz.—Although St. Croix is separated from the Vir- 
gin Islands by a depth as great as 2,400 fathoms and is joined to the 
St. Christopher chain by a ridge less than 1,000 fathoms deep, it 
possesses great similarity to members of the Virgin group. The west 
end is truncate and the submarine slope precipitous; the submarine 
slope to the north is also steep. There is clear evidence of faulting 
on the west and north sides. A ridge, largely of igneous rock, stands 
against the north shore from the west end of the island for some dis- 
tance to the east. South of the ridge is a sloping, rolling, calcareous 
plain. The east end has a submarine continuation in a bank less 
than 50 fathoms deep. The tectonic axis is east and west, the rocks 
resemble those of the Virgins, and the zoogeography indicates former 
connection with them. For these reasons it seems probable that this 
island was formerly a part of the Porto Rican-Virgin Island land-mass 
and has been sundered trom it by diastrophic processes. However, 
Saint Croix might be accorded separate status as a province, or 
referred to the St. Christopher axis; but it appears to me preferable 
to classify it with the Virgin Islands. 

9. Costa Rica-Panama.—Between the Nicaragua-Costa Rican bound- 
ary and the mouth of Rio Atrato is an S-shaped land area which 
does not exhibit striking major tectonic lines, although some de- 
formation axes are obvious in Panama. The region is largely one © 
of vulcanism, present or past, which although occurring within 
definable limits does not follow continuous straight axes but occurs 
in a curving belt. The topography appears disordered, with volcanic 
protuberants here and there without perceptible system. The vol- 
canic heaps range from a few hundred to nearly 10,000 feet in 
altitude. 

10. Andes.—The south-north trending ranges of the Andes reach 
the shores of the Caribbean Sea between the Gulf of Darien and 
Venezuela, and send a spur, Cordillera de Merida, northeastward to 
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Porto Cabello where the main Andean trend is crossed by that of the . 
Maritime Andes. The shore of the Caribbean Sea les across the 
northern end of the Andes in a way similar to the manner in which 
the landward border of the Coastal Plain crosses the southwestern 
end of the Appalachian Mountains. 

The islands Curagao, Arube, and Bonaire, lie off the Venezuelan 
coast in the angle between the ends of the main Andes and the 
Cordillera de Merida. 

11. Maritime Andes.—The Maritime Andes lie along the Vene- 
zucla coast from Caracas eastward. Trinidad and Tobago are 
outlying islands. On the south side of these mountains is the great 
Valley of the Orinoco. 

12. Caribbean Islands.—These islands lie along triple arcuate 
ridges, the Barbadian Ridge, the main Caribbean Arc, and Aves. 
Ridge, the second of which is double at its northern end. 

12a. Barbadian Ridge-—As Barbados is connected undersea 
with Tobago Island by a ridge less than 1,000 fathoms deep, and 
as the depth between it and St. Lucia is less than 1,000 fathoms, 
there is a closed basin over 1,000 fathoms deep between the Bar- 
badian Ridge and the main Caribbean Arc. 

12b. Caribbean Arc.—The Caribbean arc is a ridge that extends from 
north of the Gulf of Paria to Anegada Passage. The islands occurring 
along it from the Grenadines to Dominica are entirely or predominantly 
volcanic. Guadaloupe is a compound island; the western half is 
volcanic, the eastern half with the outlying Marie Galante is mostly 
composed of calcareous sediments. North of Martinique the are 
splits; along the inner fork are the volcanic islands Montserrat, the 
St. Christopher Chain, and Saba; along the outer fork are Antigua 
and Barbuda, and the St. Martin group. The latter islands are 
largcly or predominantly composed of sedimentary rocks resting on 
an igneous basement of pre-Tertiary or early Tertiary age. 

2c. Aves Ridge.—This ridge takes its name from Aves Island, 
which stands on a ridge running from the north coast of Cumana to 
Saba Island at depths slightly less than 1,000 fathoms, while water 
of greater depth occurs both east and west of it. 


PALEOGRAPHIC SUMMARY. 


There are many publications dealing with this subject, some of 
which, such as those of Gregory,! Hill,? and Guppy,’ are specially 


1 Gregory, J. W., Contributions to the paleontology and physical geology of the West Indies, Geol. 
Soe. London Quart. Journ., vol. 51, pp. 255-310, pl. 11, 1895. 

2 Hill, R. T., Notes on the geolcgy of Cuba, based upon a reconnaissance made for Alexander Agassiz, 
Mus. Comp. Zo6l. Bull., vol. 16, pp. 243-288, pls. 3-9, 1895; The geolcgical history of the Isthmus of Panama 
and portions of Costa Riza, Idem., vol. 28, pp. 159-285, pls. 1-19, 1898; The geology and physical gecgraphy 
of Jamaica, Idem., vol. 31, pp. 1-226, 252-255, p's. 1-35, 1901; Peléand the, evolution of the Windward Archi- 
pelago, Geol. Soc. Ameria Bull., vol. 16, pp. 243-288, pls. 43-47, 1905. 

3Guppy, R. J. L., The goalogizal connexions of the Caribbean region, Canada Inst. Trans., vol.8, pp- 
373-391, one plate, 1909. 
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devoted to the West Indies and Central America, or consider parts 
of the regions; others are devoted to the geologic history of smaller 
areas that are parts of the region and are too numerous for men- 
tion here, but many of them have been referred to in my papers 
on the fossil corals and the correlation of the geologic formations 
of Panama, forming parts of this volume; while still other works, 
for instance those by Schuchert ! and Willis,? treat Central America 
and the West Indies only as parts of much larger areas. 

Schuchert in his work cited undertakes to reconstruct for this 
region the distribution of land and sca; that is, connections and 
barrier between the Atlantic and Pacific Basins during Paleozoic 
timo, basing his inferences upon the affinities of the Paleozoic faunas. 
As I can add nothing to what he says, I will not summarizo his 
conclusions—the reader may consult his memoir. 


LATE PALEOZOIC. 


The great Appalachian revolution occurred in late Paleozoic— 
Permian time, and resulted in the northern boundary of the Gulf 
of Mexico—the southern Appalachian, the Ouachita, and Wichita 
Mountains. 

The east and west trend in southern Mexico already existed or 
was developed about this time; while farther to the southeast, as 
Sapper has shown, Rio Motagua in Guatemala divides two chains 
of this age, one to the north, the other to the south, with spurs 
of a third chain farther toward the southeast. The nearly north 
and south trend of the Coxcomb Mountains in British Honduras, 
which are composed of sediments apparently of pre-Paleozoic age 
indicates that the Yucatan protuberant had been outlined in Paleo- 
zoic, perhaps early Paleozoic time. Granitic débris in Costa Rica 
and Panama suggests old deformation along east and west lines in 
those areas. The east and west mountains of Venezuela have an 
old foundation and certainly date back to the Paleozoic in origin. 
There is evidence of old deformation in Cuba, rendering it highly 
probable, if not certain, that the major tectonic trends of Cuba 
are as old as Paleozoic. Although no Paleozoic rocks have been 
identified in Jamaica, the inference appears warranted that Jamaica 
itself dates back to late Paleozoic, as it has been shown by 
Sapper that the west end of the tectonic features represented 
in Mosquito and Rosalind Banks and Jamaica already existed 
in late Paleozoic time. The Cuban and Jamaican trends meet 
in Haiti and continue through Porto Rico to the Virgin Islands, 


1 Schuchert, Charles, Paleography of North America, Geol. Soc. America Bull., vol. 20, pp. 427-606, pls. 
46-101, 1910. 

2 Willis, Bailey, Paleographic maps, in Outlines of geologic history with special reference to North 
America, pp. 306, Chicago, 1910. 


606 BULLETIN 103, UNITED STATES NATIONAL MUSEUM. 


while St. Croix, which is closely related in its geologic features 
to the Virgins, was probably at one time a member of that 
group and has been separated from them by faulting of compara- 
tively late geologic date. There is no direct evidence of the 
existence at this time of any of the Caribbean Islands, but certain 
relations suggest that at least parts of the Caribbean Arc may be old. 
St. Croix stands on the western end of a ridge between 600 and 700 
fathoms deep, on the castern end of which is St. Christopher. This 
ridge extends northward to the St. Martin Plateau, eastward to 
Antigua and Barbuda, and southward from the latter islands through 
Guadeloupe, St. Lucia, and the Grenadines to South America. 
These relations suggest that the eastern perimeter of the Caribbean 
Basin may have been outlined in late Paleozoic time. 

From the preceding statement it is evident that the principal 
tectonic lines of the perimeters of the Gulf of Mexico and Caribbean 
Sea existed at the close of the Paleozoic. The northern, western, 
and southern boundaries had been outlined and the major transverse 
trends had also been formed, the more northern through Oaxaca 
and Chiapas, including the northward trending Coxcomb Mountains 
of British Honduras; the more southern through Honduras and 
Nicaragua. The first may have connected along the axis of the 
Coxcomb Mountains with Cuba and thence Haiti; the second prob- 
ably connected with Jamaica, Haiti, Porto Rico, and the Virgin 
Islands, and there are vague suggestions that the Caribbean Arc 
also existed. As the positive and negative areas so early outlined 
dominated the tectonic development during later geologic time, the 
subsequent history consists in tracing the modification of these old 
features. 

TRIASSIC, JURASSIC, AND CRETACEOUS. 


It seems necessary to infer diastrophic movements previous to or 
during Jurassic and Cretaceous time, for there was no connection 
between the Atlantic and Pacific oceans across Central America dur- 
ing these periods, with the possible exception of certain connections 
during Jurassic and upper Triassic (Karnic) time, as shown in the 
table on page 612. During Triassic and Jurassic time the eastern part 
of the North American continent, except areas of Triassic in Mexico 
and several Central American States and areas of Jurassic in Mexico 
and trans-Pecos Texas, was emerged probably to the limits of the pres- 
ent Continental Shelf, while the western end of Ciba was submerged. 
The eastern end of Cuba apparently was a land area and may have 
been joined to the southeastern United States. During upper Creta- 
ceous time there was extensive submergence throughout the West 
Indies and Central America, but the Lower Cretaceous, as represented 
in Mexico and Texas, is not known in them, except in Honduras. 
As the Jurassic and Cretaceous faunas are Atlantic in their facies, 
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the Atlantic Ocean must have had access to these oceanic basins: 
during a partif not all of these periods. . 

According to Hull, vulcanism existed prior to later Mesozoic in 
Guatemala, Oaxaca, Jamaica, and the Andes, and perhaps in Cuba 
and Haiti, as well as in the Cordilleras of North America. Probably 
there was vulcanism in Porto Rico, the Virgin Islands, St. Croix, St. 
Martin, St. Bartholomew, and Antigua. In the two last mentioned 
islands there are volcanic rocks older than Kocene sediments. 

At the close of the Cretaceous there was general emergence of the 
Coastal Plain, an event probably due to diastrophism and a resultant 
of Laramide mountain making. 


EOCENE AND OLIGOCENE. 


The West Indian islands, because no old Kocene sediments are 
known in any of them except Trinidad, which is South American in 
its relations, are supposed to have stood above sea level at that 
time. In Cuba and Jamaica there are Upper Cretaceous and late 
Eocene sediments without the intervention of early Eocene deposits. 

During later Eocene (Ludian) and middle and upper Oligocene 
(Rupelian and Aquitanian) time there was extensive submergence 
in the West Indies and interoceanic connection through a number 
of straits across Central America. There may have been interocanic 
connection during lower Oligocene (Lattorfian) time, but this is not 
established. The maximum submergence was in middle Oligocene 
(Rupelian) time. Vulcanism was widespread in Central America 
and the Antilles during Kocene and probably also during earlier 
Oligocene time. The line of the great Mexican volcanoes had its 
inception at the close of the Cretaceous, near the beginning of the 
Tertiary, according to Felix and Lenk. 

In Jamaica, Cuba, St. Bartholomew, and Antigua the later Eocene 
age of some of the volcanic rocks is established. There was between 
the upper Eocene and the middle Oligocene deposition periods great 
deformation in the Antilles. The folding in the principal mountains 
of Jamaica, the Sierra Maestra of Cuba, and apparently those of 
Haiti, Porto Rico, the Virgin Islands, and St. Croix appears to have 
taken place at this time. Diastrophism seems also to have been 
active in Chiapas, Tabasco, Petén, Guatemala, Nicaragua, Costa 
Rica, and Panama. 

MIOCENE. 


During older Miocene (Burdigalian) time apparently there was in 
places connection between the Atlantic and Pacific oceans, as is 
shown by deposits of this age containing fossils of Atlantic affinities 
on the Pacific coast of Costa Rica? and Nicaragua, and perhaps at. 


} Romanes, J., Geology of a part of Costa Rica, Geol. Soc. London Quart. Journ., vol. 68, pp. 124, 125,. 
1912, 
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other places, but such connections seemingly were restricted, not of 
wide extent as in upper Kocene and Oligocene time. 

As no upper Miocene has yet been identified in the West Indies 
this is supposed to have been a period of high uplift which terminated 
the connection between the Atlantic and Pacific oceans. The mid- 
dle and upper Oligocene and lower Miocene sediments of Mexico, 
Panama, Cuba, Haiti, Jamaica, Porto Rico, Anguilla, and Antigua, 
although deformed by tilting and faulting are not. intensely folded, 
as are the older sediments. According to Hill, ‘in mid-Tertiary 
time granitoid intrusions were pushed upward into the sediments of 
the Great Antilles, the Caribbean, Costa Rican, and Panamic regions.’’ 
The information I obtained in Antigua and St. Bartholomew accords 
with this opinion. 

That there was at some place interoceanic connection subsequent 
to lower Miocene (Burdigalian) time is suggested, if not actually 
proven, by the presence on Carrizo Creek, Imperial County, California, 
of a coral fauna'of post-Miocene Atlantic affinities. 

Roy 8. Dickerson? in the paper cited below says regarding my 
conclusion that the coral fauna of Carrizo Creek is of probably Pliocene 
age: ‘‘His [Vaughan’s] conclusions concerning the Pliocene age of 
these beds rests upon the infirm basis of comparison with a Pliocene 
coral fauna of Florida,” and ‘‘All the coral genera except one occur 
in the Bowden or associated horizons.”’ The last statement is correct 
in the restricted sense in which I use Bowden and its related zones, 
and the first is correct in that I compared the fauna from Carrizo 
Creek with that from the Pliocene Caloosahatchee marl of Florida; 
but Doctor Dickerson evidently did not comprehend the entire basis 
for my opinion. The following eight genera, now extinct in the 
Atlantic Ocean but present in the Pacific, occur in the Bowden marl 
and related zones, that is in Miss Maury’s Santo Domingan section 
and the La Cruz marl of Cuba, but are not known from Carrizo 
Creek or from the Caloosahatchee marl: 


Placocyathus. Antillia. 
Placotrochus. Syzygo phyllia. 
Stylophora. Pavona. 
Pocillopora. Gonwopora. 


Neither the coral fauna of Carrizo Creek nor that of the Caloosa- 
hatchee marl, as at present known, contains any of the coral genera 
distinctive of the Bowden and related zones. These distinctive 


1 Vaughan, T. W., The reef-coral fauna of Carrizo Creek, Imperial County, California, etc., U. S. Geol. 
Survey Prof. Paper 98, pp. 355-386, pls. 92-102, 1917. 

2 Ancient Panama Canals, California Acad. Sci. Proc., vol. 7, pp. 197-205, 1917 (date printed with title 
July 30, 1917, received by me on Oct. 16, 1917). 

$ Added from Miss Maury’s Santo Domingan collections. 
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genera became extinct in the Atlantic during upper Miocene time, 
according to the present information, but, they persist in the Indo- 
Pacific region. It, therefore, seems that the fauna of Carrizo Creek 
migrated to the head of the Gulf of California after the extinction 
of these forms. 

PLIOCENE AND LATER. 


Subsequent to the Miocene there have been many oscillations 
of the West Indian area, and during perhaps Pliocene time there 
was profound deformation. Zeogeographic data in the opinion of 
several investigators seem to demand former connection, prob- 
ably during late Miocene or Pliocene time from Yucatan across 
Cuba to Haiti, Porto Rico, and the Virgin Islands; from Honduras 
to Jamaica; and from Anguilla to South America. It also 
appears that St. Croix was once joined to Anguilla and to the 
eastern end of the Virgin Islands. There are certain geologically 
late fault-lines which perhaps date from this time and _ the 
severance of the old ridges into the islands we now know may be 
largely due to movement along them. One of these fault lines forms 
the northern boundary of the Bartlett Deep, and passes between 
the east end of Cuba and the west end of Haiti. Another tectonic 
line which forms the south side of the Bartlett Deep seems to con- 
verge toward the former in the Windward Passage. A down-thrown 
block between these lines has separated Cuba and Haiti and pro- 
duced the Bartlett Deep. Probably there was also faulting or 
flexing between Cayman Ridge and the southern shore of Cuba, west 
of Manzanillo Bay, while either faulting of flexing may have sep- 
arated Cuba and Yucatan. There is evidence of a downthrown 
fault block between St. Thomas and St. Croix, the two sides converg- 
ing toward Anegada Passage. This will account for the deep of over 
2,400 fathoms north of St. Croix, and the severance of St. Croix 
and the St. Martin Plateau group of islands from the Virgin group. 

There are three kinds of evidence that bears on the age of this 
faulting, namely: (1) In eastern Cuba, as the Miocene La Cruz 
marl is abruptly cut off at the shore line in the vicinity of the Morro 
at the mouth of Santiago Harbor, the faulting must be subsequent 
to old or middle Miocene; (2) as the sea along the fault shores has 
been able since the faulting to cut only narrow benches into the fault 
planes on the up-thrown side, the faultplanes are physiographically 
young; (3) the biologic evidence, in the opinion of most of those 
who have recently considered it, demands land connection in late 
Tertiary time between Cuba, Santo Domingo, Porto Rico, and thence 
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to South America. Miller has recently published an important paper 
on this subject,! and states: ‘‘ With the characters of so many [eight] 
genera known it becomes possible to gain some idea of the Antillean 
hystricine fauna.2 The most noticeable feature of these genera 
considered as a group is their similarity to the Santa Cruzian and 
Entrerian rodents which Ameghino and Scott have described and 
figured. In no instance has the same genus been found in both 
the West Indies and Argentina or Patagonia; but the Antillean 
rodents thus far discovered never show such peculiarities that their 
remains would appear out of place among those of their extinct 
southern relatives, while as a whole they would at once be recognized 
as foreign to the present South American fauna.” 

On the following page of the same paper he says: “‘So far as can 
be judged from eight very distinct genera the Antillean hystricine 
rodents do not present the characters that would be expected in 
animals derived from South America during any period geologically 
recent. Neither have they the appearance of an assemblage brought 
together at different times by migration or chance introduction. 
On the contrary they suggest direct descent from such a part of the 
general South American fauna, probably not less ancient than that 
of the Miocene, as might have been isolated by a splitting off of the 
archipelago from the mainland. Of later influence from the conti- 
nent there is no trace.” 

The mammals furnish more evidence of this kind than I am pre- 
senting here, and Barbour and Stejneger, from their study of rep- 
tiles, have reached the same conclusions. These conclusions accord 
with the tectonic history of the region, namely, that in late Tertiary, 
probably Pliocene time, the West Indian Islands as we know them 
‘were produced by block-faulting which broke into pieces a far more 
extensive land area. Although I greatly respect the scholarship and 
appreciate the valuable researches of Dr. W. D. Matthew, I am unable 
to agree with his opinions as to the means of distribution of West 
Indian mammals and some of the other land vertebrates. 

According to Hill, the volcanoes of the Windward Islands date 
back at least to the Hocene. He says: ‘‘After the Miocene, vul- 
canism became quiescent in the Great Antilles and the Coastal Plain 
of Texas, but has continued to the present in the four great foci of 
present activity—southern Mexico, the northern Andes, Central 
America, and the Windward Islands. In the last two regions men- 
tioned, the greater masses of the present volcanic heights were piled 


1 Miller, Gerrit S., Jr., Bones of mammals lrom Indian sites in Cuba and Santo Domingo, Smithsonian 
Misc. Coll., vol. 66, No. 12, 10 pp., 1 pl., 1916. 
2Tdem., p. 3. 
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up before the Pliocene, and the present craters are merely secondary 
and, expiring phenomena.”’ 

The last important shift in position of strand line along the At- 
lantic coast of the United States and around the shore of the Gulf 
of Mexico and the Caribbean Sea has been by submergence of land 
areas, but subsequent to this there has been local emergence, often 
accompanied by minor tilting or warping. 

Except vulcanism, the following table presents a succinct summary 
of the major events considered in the foregoing remarks. It is the 
primary intention of the present paper to characterize biologically 
and to correlate the marine formations of the Canal Zone and the 
geologically related areas in Central America and the West Indies, 
and to lay particular stress upon the successive periods of emergence 
and submergence of the land and the crustal deformation, folding 
and faulting, concomitant with changes of that kind. Comparison 
of the table opposite page 594, showing the correlation of the Tertiary 
formations of Panama, with the following tabular summary, will 
reveal that the story told by the two tables is essentially identical, 
the erosion intervals and the marine formations in the correlation 
table representing respectively the periods of emergence and the 
periods of submergence in the tabular summary. 


TABULAR SUMMARY OF SOME OF THE IMPORTANT EVENTS IN THE GEOLOGIC HISTORY 
OF THE WEST INDIES AND CENTRAL AMERICA, 


Time subdivisions. Events. 


| 
AUOCOMG esos cae sicice css | Submergence of land areas probably resulting from deglaciation, except local 
differential crustal movements in places producing uplift. 


Emergence of large areas, probably due to withdrawal of water to form the 
continental ice sheets; also oscillation of land areas by differential crustal 
movement. 


PTO CONC eae eesos ce weces Local moderate submergence, period of cataclysmic faulting breaking up a 
large land area and forming the Antilles nearly asthey areat present. Proba- 
bly a narrow interoceanic connection that admitted an Atlantic fauna into 


the present site of the Gulf of California. 


Extensive emergence of the land joining North and South America through 

Central America; Greater Antilles joined to each other, and possibly to Cen- 

(PPO aiience tral America by bridges from Jamaica to Honduras and from western Cuba 

to Yucatan, and to South America along the Caribbean are. All these sup- 
Miocene. . posed connections not necessarily contemporaneous. 

middle and j Extensive submergence in the West Indies and around the continental mar- 

gins; narrow, areally limited interoceanic connections in lower Miocene 

| time, none known in upper Miocene time; land emerging in Central America. 


upper....... Extensive submergence with interoceanic connections. _ i 
Oligocene. .;middle...... Maximum areal submergence with extensive interoceanic connections. 
lower ....... Extensive submergence in Central America and southeastern United States; 


local emergence in the West Indies. 
Extensive diastrophism and mountain making by folding. 


UPDeLieja.e =n 1-s Extensive submergence with interoceanic connections. 
Bocene..{middle........ Apparently interoceanic connection across Central America. 
lowernsecseeee Emergence of the Greater Antilies and Central America, no known interoceanic 


connection. i 
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TABULAR SUMMARY OF SOME OF THE IMPORTANT EVENTS IN THE GEOLOGIC HISTORY 
OF THE WEST INDIES AND CENTRAL AMERICA—Ccontinued. 


Time subdivisions. | 


Events. 


Upper Extensive submergence; but without interoceanic connection. 
Grstiveouse| Lover Submergence in Mexico and Central America, especially in late Comanche 
tine Probable emergence in the Greater Antilles; no interoceanic connec- 
ion. 
Uppsr Submergence in western Cuba, eastern Mexico, and west Texas without inter- 
oceanic connection, except possibly in late Upper Jurassic time. 
Middle Submergence in southern Mexico (Oaxaca and Guerrero) with possible inter- 


Jurassic, Lower 


oceanic connection. 

Sudmergence in southeastern Mexico (Puebla, Vera Cruz, and Hidalgo, pos- 
sibly also in Guerrero) with possible interoceanic connection. Nonmarine 
plant-bearing beds in same region and also in Oaxaca. Possibly the latter 
may be of same age as the supposed Rhaetic plant-bearing beds of Honduras 
and Nicaragua. 


Upper Plant-bearing beds in Honduras and Nicaragua, above mentioned, bespeak 
Rhaetic) | land conditions in latest Triassic or earliest Jurassic. 
WMrinssic pper | Submergence in central Mexico (Zacatecas) with probable interoceanic con- 
~) (Karnic) nection. 
Middle Probable land conditions throughout Mexico and Central America. 
Lower Probable land conditions throughout Mexico and Central America. 
Late Paleozoic..........- Formation of the major tectonic axes of Central America and the initial east and 


west axes of the Greater Antilles. 


o Mesozoic history of Central America, Mexico, and the West Indies, by T. W. Stanton. 


O 


ae 
ia 


ae 


aes 


““g Saan® een =a — ppb: 


a 


MITHSONIAN INSTITUTION LIBRARIES 


gianni 


3 9088 01421 1742 


\ 
SAN 
NY 


SAY 
VMN 


AW 
\ 


\ QQ 
MK 


AY AX 
AW \ AN A 
RAN 


Vie PaO Pee 


. 


SAAN 
\ 


RAY 


SARA 
SS 


RY 
ANC ANN 

AN \\ \\\ Ns AAC 
S ~ \ ‘ \ AN 


